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INSTRUMENTS P 


Switchboard installation of FEsterline- 
Angus Wattmeter, Ammeter, Voltmeter, 
Power-Factor meter and Frequency 
meter (two twin-type and one single) in 
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EVERYTHING 
THEY WANT TO KNOW» » 


large printing plant. 








From ONE Switchboard Installation 
of ESTERLINE-ANGUS METERS 


A an example of the growing 
appreciation for the informa- 
tion revealed by graphic record- 
ing instruments in industrial 
plants, the illustration at the top 
of this page is of interest to engi- 
neers and executives everywhere. 

Here, in a large printing estab- 
lishment, by means of an inge- 
nious switchboard mounting of 
five types of Esterline-Angus 
graphic recording instruments, 
any one of these meters may be 
connected at will inthe circuits of 
departments or individual ma- 
chines. Thus by the simple process 


of throwing a switch, the manage- 
ment is enabled to observe the 
condition and functioning of mo- 
tors and equipment; to record 
power consumption; check power 
charges; watch productive effort; 
make accurate time-studies, etc., 
etc. Meters operate continuously 
over a period of a full week, if 
desired, without attention. 

May we send further facts? 
Esterline-Angus instruments are 
used in scores of industries for 
obtaining vital operating data. 
Perhaps some of these uses will 
offer valuable suggestions to you. 


THE ESTERLINE-ANGUS COMPANY 
INDIANAPOLIS, U.S.A. 


Pioneers in the Manufacture of Graphic Recording Instruments 


When writing to the above company, please mention INSTRUMENTS 
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as foxboro” 


How often have you heard this? 

*“We can give you a Round Form case the same y) 
as Foxboro.”’ 

**We can furnish a ‘flapper valve’ the same as 
Foxboro.”’ 

“Our V-Port Valve is the same as Foxboro.” 

*“We have a Recorder-Controller the same as 
Foxboro.”’ 


We like to hear that. 
It proves that Foxboro sets the Standard for Appearance, Ac- 
curacy, Convenience and Performance. 

But Foxboro can never be success- 
fully imitated. 

From coast to coast, industry is 
finding that out. Wherever control 
is a matter of vital importance 
Foxboro Controllers become a ne- 
cessity. Because they are sensitive, 
accurate, dependable; and are based 
upon sound engineering. 


If you want satisfactory tempera- 





| ture control, write to us, Dept. A. E. 


W > OS | y| ’ The Original 
€ can help you. Recorder-Controller 


THE FOXBORO COMPANY 
NEPONSET AVENUE, FOXBORO, MASS., U. S. A. 


New York Pittsburgh 


Detroit Rochester, N. Y. 

San Francisco Portland. Ore. ; 
Salt Lake City tae 

Chicago Los Angeles ; M 


Cleveland REG. U. S. PAT. OFF. Dallas 


Philadelphia THE COMPASS OF INDUSTRY po ll 


Instruments for Controlling, Recording and Indicating Temperature, Flow, 3 
lumidity and Pressure. < 














When writing t» the above company, please mention INSTRUMENTS 
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KNOWLEDGE 
iy POWERS 





Holding in check the surging force of Electricity 
.. keeping a taut rein on prime movers and power trans- 
mission, factory feeders and terminal equipment... con- 
trolling the myriad motors of industrial machinery ... con- 
serving the health, comfort and strength of millions of wage 
earners... safeguarding billions of national wealth . 
and atding in scientific, soctal and economic advancement 
... “Westons” impart that exact knowledge of electrical 
conditions which transforms power to progress. 


Weston Electrical , wes to , Makers Of The World's 


Instrument Corp. ) » Highest Standards Of 
591 Frelinghuysen Ave. pioneers << My Quality Indicating 


Newark, N. J. ] N ST RU M ENTS Instruments, 


When writing to the above company, please mention INSTRUMENTS 
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The 
ENGELHARD 
PYROMETER 


Simple in Design 
and 


Rigid in Construction 


Open View of 
Engelhard Type S 









Recorder 


Industry today demands dependabil- 
ity and longer life of equipment. 
Thirty years of expert engineering 
knowledge is back of the designing 
and construction of the Engelhard Re- 
corder ...and with one objective 
only ... to make only the best Py- 
rometer to withstand the most severe 
service. 

The driving power which is fur- 
nished by the solenoid, operating 
from lighting circuit, is several times 
greater than necessary. A powerful 
jeweled six or eight day clock times 
the chart and makes intermittent elec- 
trical contact where D.C. is available. 
An electric clock is furnished for A.C. 
operation. 

The thoroughly dead beat moving 
coil has double filament support, with- 
out pivots or hair springs. It is ex- 


tremely rugged and super accurate. 


cus ENGE 


23} N.J.R.R. AVE 


























Automatic switches are furnished 
on multi-point instruments each con- 
sisting of a small glass bulb contain- 
ing mercury, sealed in platinum elec- 
trodes and are successively tilted by 
the operating solenoid. They elimi- 
nate contact corrosion. 

The Engelhard Recorder is fur- 
nished with adjustable platinum ir‘d- 
ium maximum and minimum cvn- 
tacts. May be had calibrated for use 
with thermo-couples, electric resist- 
ance thermometers, thermal conduc- 
tivity type of gas analyzers, microam- 
meters, millivoltmeters, voltmeters, 
ammeters and as pyheliometers. 

Every Engelhard Type S Recorder 
—like all Engelhard Instruments, is 
precisely made of the finest obtainable 
materials—designed for long service 
under severe conditions and carefully 


tested for accuracy. 








ARD INC: 


NEWARK WN. J. 








Recording and indicating instru- STANDARD Chicago, New York, Boston, Pitts- 

ments, automatic temperature and FOR burgh, Cleveland, St Louis, R. F 

gas control, pyrometers, gas analyz- 30 YEARS Chase & Co., Tacoma, Wash., Jen 

ers, thermocouples, thermometers. -, ania Co. os Angel 
Cal. 


When writing to the above company, please mention INSTRUMENTS 
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~ BaL Large 
Spectrometer with 
all-metal Camera 


Spectrum Analysis » 
for Precision Control 


THE exact analysis afforded by spectrum ex- 
aminations makes the Spectrometer and the 
Spectrographic Camera of utmost value in the 
laboratories of most manufacturers. 


The large B &L Spectrometer, with all working 
parts completely enclosed for protection 
against dust and corrosion, is an instrument 
for the most delicate work. An all-metal 
Camera provides for spectrum photography. 
Its construction reduces the possibility of 
warping to a minimum and insures permanency 
of adjustments. 


The smaller B & L model, the Laboratory 
Wavelength Spectrometer, is unsurpassed for 
routine laboratory work. A\n all-metal Camera 
is also available for this model. 


Write for complete information. 


BAUSCH & LOMB OPTICAL CO. 
615 St. Paul Street « » Rochester, N. Y. 


Makers of Orthogon Eyeglass Lenses for Better Vision an | 
OPTICAL SCIENCE 


Rss 
. TLonB 
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Now Comes 


MULTIMETER JUNIOR 


Latest Addition to the RAWSON DC Family 








Scale Over 3” Long 






Size 
5” x 43%” x2 
Height over all 3” 


” 


Twelve Ranges—1 microampere to 1 ampere (1,000,000 mics) 
20 microvolts to 1000 volts 
Just 3 Binding Posts and 1 Selector Switch 
Specially suitable for covering both minimum and maximum readings on 
separate mounted thermo couples in vacuo 
For High Frequency Work 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 


Branch Office: Mid-Western Representative 
91 Seventh Avenue EARL N. WEBBER 
New York City Daily News Bldg., Chicago, Il. 


Also Manufacturers of AC or DC Thermal Multimeters, Microammeters, 
Milliammeters and Ammeters, Microvoltmeters, Millivolemeters, and Voltmeters, 
Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 
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Treading the Narrow Way 
| to PROFITABLE | 
*e 
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Precision control of temperature, in practically any 
industrial process, can be readily obtained by in- 
stalling Minneapolis-Honeywell temperature reg- 
ulating units. 

These units operate Minneapolis-Honey well 








solenoid or motor actuated valves—controlling the Temperature 
ee ea “ie pict 
. flow of liquids, steam, gas, oil, air, etc. Valves are pemensiie’ 








either controlled directly, or through Minneapolis- 
Honeywell relays, or operate in conjunction with pyrometers of any 
standard make. 

The instruments here illustrated are typical of the broad Minne- 
apolis-Honeywell line of temperature, pressure and combustion con- 
trols. Industrial Catalog and engineering sery 
ice available to you without obligation of any 
kind. Just clip and mail the coupon. 





MINNEAPOLIS-HONEYWELL REGULATOR Co. 
2735 Fourth Ave. So., Minneapolis, Minn. 






Motor Branch Offices: New York, Philadelphia, Boston, Providence, Detroit 


operating Cleveland, Chicago, St. Louis, Milwaukee, San Francisco 
» both globe In Canada: Minneapolis - Honeywell Regulator Co., Ltd., Toronto 
and 
butterfly 
valves 


MINNEAPOLIS-HONEYWELL 
INDUSTRIAL REGULATORS 


MINNEAPOLIS-HONEY WELL REGULATOR CO., 


2735 Fourth Ave. So., Minneapolis, Minn. 














Send me catalog on Industrial Regulators. 
] Have representative call. I understand there is no obligation. 


nadie e le Position 
Company 
{ddress 


City State 





» 
Ree eee 


When writing to the above company, please mention INSTRUMENTS 
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Leads Corrode 


But Accuracy Remains 








—_—_— og a 
wien |L8§) POTENTIOMETER PYROMETERS 
aN The + a’ 





k ECTRICAL resistance changes 
4 anvwhere along the leads do not 
iffect the accuracy of L& N Poten- 
iometer Pyrometers. Wires may corrode or contacts vary 
at terminals and switches—yet if there is contact, readings 


] 


stay within a deadline of 3° in 1000°. 


(nd this is but one of the ways in which the L&N 
Potentiometet Pyrometer is trouble prool This null 
potentiometer method of measuring temperatures—bal- 


ig the unknown thermocouple millivoltage against a 


ancil 
known millivoltage from the instrument—is at once the 
most accurate and reliable in industry. 

Back of L & N_ Potentiometer Pyrometers is the 
knowledge and experience gained from thousands of in- 
stallations in thousands of plants. 


” 


LP) 
j 


L&N ¢ 84-] ts L& N Poter \ ce F ae 
neter Pyrometer for itomatic | \aw f | 
mperatur ntr Catalog 87-] : ig 
tst for recordi1 r indicat- \ fig 






LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 











0 Cleveland Chicago Houston Los Angeles San Franciscco 


Different Pyrometers—The Most Accurate Pyrometers In Industry 


For Indicating, for Recording and for Controlling Automatically 


“~~ 
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make extensive use of the 
ROCKWELL HARDNESS TESTER 
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They exert every effort to see that each 
plane is well and carefully built and 
have given us permission to publish this % 
drawing showing one of the Rockwell 
Testing operations in their inspection 
department. 








Witson-MAeuten © 


INCORPORATED 


387 Concord Ave. NewYork, N. Y. 
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SNUNEEN IS 


INDUSTRIAL. — SCIENTIFIC 


(Reg. U. S. Pat. Off.) 








Vol. 3, No. 7 JULY, 1930 Pittsburgh, Pa. 








To Our Readers 


NUMBER of letters were received by the editor as a result of the 
articles, for and against the Metric System, appearing in our columns. 
We quote a part of one here: 





Beginning the end of this month, INSTRUMENTS will start mailing 
out ballots to determine the sentiment in reference to the Metric System 
among engineers and scientists, who represent the small group of thinking 
people, mentioned in the above quoted letter. 


In preparation for this poll on measuring and weighing systems two 
articles appeared in our publication presenting the two sides of the question. 
One of these articles appeared in the May issue, the other in June. 


To be sure any change to another system will cost money; but if it appears 
that a change in our system of weights and measures is desirable, it would 
be best and most economically accomplished at the earliest possible moment 


In any poll the losing side is always ready to explain that the poll was 
not fair, that the organization sponsoring the poll was biased, that all the 
individuals who received ballots but did not vote should be added to their 
total, etc., etc. 


It is the earnest wish of the editor to avoid the alibi stories. We there 
fore urge everyone receiving a ballot to vote. Make this poll effective, by 
filling out and returning your ballot immediately after you receive it. This 
will permit our work in tabulating the results to be accomplished more 
quickly and with a high degree of efficiency. 
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Elmer A. Sperry 


(1860-1930) 














J 


LMER A. SPERRY, born in Cortland, N. Y., Oct. 12, 1860, received 
his early training at the State Normal and Training School at Cortland, 
later attending Cornell University. He was the son of Stephen Decatur 
ind Mary (Borst) Sperry, a direct descendant of Richard Sperry, who, in 
1660, at the New Haven Colony secreted and maintained in Judges Cave 
three of the judges who condemned Charles I. 

With his inventive quality Sperry combined business acumen and judg 
ment. He was one of the small number of inventors who himself was able 
to reap a financial reward worthy of his achievements. 

In 1880, at the age of twenty, he founded the Sperry Electric Company 
in Chicago. This company manufactured arc lamps, dynamos, etc. Some 
time later he organized the Sperry Electric Railway Company in Cleveland. 
The latter company was sold to the General Electric Company in 1894. 

In 1910 he organized and was president of the Sperry Gyroscope Company 
in New York. The gyroscope was brought before the public by him and 
he became the leading authority on gyroscopic action. He perfected the 
gyroccompass and applied it to both ships and airplanes. Much of the 
modern development in the air is credited to his airplane stabilizer. Other 
developments made under his direction were: automatic stearing, high 
intensity searchlights, fire control apparatus, airplane and navigational 
equipment, etc. 

In January 1929, he sold the Sperry Gyroscope Company to the North 
American Aviation Company and immediately thereafter started building 
up the Sperry Development Co., Inc., which he had organized in 1926, and 
also the Sperry Rail Service Corporation. The two companies manufacture 
gyro track inspection cars, transverse fissure detection apparatus and various 
types of steel testing equipment. In 1930 he combined these two com 
panies and became Chairman of the Board of the Sperry Products, Inc. 

He was the author of many papers and addresses before engineering and 
technical societies. Sperry was able to make science fascinating to others. 
Twenty years ago he appeared as a lecturer in many places in this country 
and illustrated the wonders of the gyroscope, the freaks of electricity, the 
marvels of liquid air and other phenomena. 

Academical honors were showered on Sperry; he was a D. E., Stevens 
Institute of Technology, Sc. D., Northwestern University and a D. E., 
Lehigh University. He was awarded the First Prize, Aero Club of France 
in 1914 for the airplane stabilizer; two Frankiin Institute metals, 1914 and 
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1929: Collier Trophies, 1915 and 1916; Holley Medal, 1927; John Frit 
medal, 1927; Albert Gary medal of the American Iron & Steel Institute, 
1929: two decorations from the late Czar of Russia; two decorations from 
the Emperor of Japan; Grand Prize, Panama Exposition. 

Sperry was a member of the U. S. Naval Consulting Board; a member of 
the Council of the American Society of Naval Architects & Marine 
Engineers; President of the American Society of Mechanical Engineers; 
founder member of the American Electrochemical Society; charter membe 
of the American Institute of Electrical Engineers; Chairman, Division of 
Engineering & Industrial Research, N; itional Research Council; honorary 
member, Japanese Society of Mechanical E ngineers; a member of the Society 
of Automotive Engineers, National Academy of Sciences, Japanese Society 
of Naval Architects, Japanese Society of Electrical Engineers, Japanese 
Society of Illuminating Engineers, and Engineering Association of Hawaii. 
He was Chairman of the American Committee of the recent World Engi 
neering Congress at Tokyo. 

In Chicago, IIl., on June 28, 1887, Sperry married Zula A. Goodman 
Childred are Edward G., Helen M., Lawrence B. (deceased), and Elmer A 
Jr. 

His death on June 16, 1930 closed a career in which over 400 patents were 
granted in widely separate fields: mining machinery, electrochemical pro 
cesses, machinery for making fuse wires, an electric automobile, instru 


ments, etc. 
— 





William Henry Bristol 
(1859-1930) 














ILLIAM HENRY BRISTOL, inventor, educator, manufacturer, 

founder of The Bristol Company of Waterbury, Connecticut, and 
one of its most substantial and progressive citizens, was born in Waterbury, 
July 5, 1859. He was a son of the late Benjamin H. Bristol and Pauline 
Phelps Bristol, both of whom were of English ancestry. 

William Henry Bristol studied in the public schools in Naugatuck until 
1876, when he became a clerk in a general store in that town, working there 
until 1880. He had, from early youth, evinced decided mechanical genius, 
and had a scientific mind which he was ambitious to develop into something 
that would ultimately be of benefit to mankind. With this object contin 
ually before him, he studied and determined to attend some school of higher 
scientific training. As soon as his savings were sufficient to avail himself 
of the scientific course at Stevens Institute of Technology, he entered that 
institution at Hoboken, New Jersey, working his way through by his own 
earnings and completing his course there. 
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During his junior year, Bristol organized the manual-instruction depart 
ment in the Workingman’s School in New York City, and taught there 
while continuing his courses at the Stevens Institute. In 1884 he was 
graduated with degree of M.E., after which he kept up his classes at the 
Workingman’s School for two years. This school was founded by, and 
sponsored by Professor Felix Adler, who was one of the pioneers in manual 
training and the arts, and the first to promote that work in New York. 


In 1886 he was appointed instructor in mathematics at Stevens Institute, 
and two years later assistant professor in that department. In 1899 he was 
given the title of Professor of Mathematics. 

While pursuing his studies at Stevens, Bristol gave considerable time and 
attention to inventing, perfecting and manufacturing a series of recording 
instruments adapted to making continuous records of pressure, temperature 
and electricity. He was a pioneer in the manufacture of recording instru 
ments in America. During the many years he has devoted to this work, he 
has developed a complete line of recording instruments adapted to meet 
almost every industrial requirement, covering the most complete variety of 
ranges for the measurement of pressure, temperature, electricity, speed, 
time, etc. His recording pressure gages, recording voltmeters, wattmeters, 
ampere meters, recording thermometers, pyrometers and patent steel belt 
J acing are in universal use. 

In 1899 Prof. Bristol founded The Bristol Company at Platt’s Bridge, 
Waterbury, for the purpose of manufacturing and marketing his inventions. 
He had been the dominant figure in the progress and development of the 


company and its executive head to the present time, covering a period of 


40 years. 

At the Chicago Exposition in 1893, Prof. Bristol was awarded a medal 
and a diploma for an exhibit of recording instruments. He was awarded the 
Edward Longstreet medal in 1894 at Philadelphia. At the Paris Exposition 
in 1900, he was awarded a silver medal. At the St. Louis Exposition in 
1904 his recorders were awarded a gold medal. He received many other 
medals from various expositions all over the world, also recognition of the 
excellence of his inventions including the John Scott Legacy Medal which 
was awarded him by the Franklin Institute at Philadelphia in 1890. He was 
also awarded a medal at the Sesqui-Centennial at Philadelphia in 1926. 

Prof. Bristol also invented a system of thermoelectric pyrometers for the 
measurement of high temperature, and numerous other instruments for 
automatically recording extremely delicate movements of an indicating arm 
where the least friction would cause inaccuracy in a record. 

Prof. Bristol was a pioneer in the field of sound recording devices and had 
devoted the major part of his time for several years to bringing it to the 
state of perfection now attained. In 1915 he conceived the idea of record- 
ing simultaneously what is seen and heard, in permanent form, so that such 
records may be reproduced at any future time or place as if the characters 
were really present talking and acting. The method he chose to accomplish 
this was to record simultaneously the sound on a phonograph disc, at the 
same time that the motion pictures of the persons and scenes of action were 
photographically recorded on a “movie” film. By reproducing the sound 
record and the film simultaneously, and synchronously, the sounds and ac- 
tions are heard and re-enacted as in the original. This method combined 
the two arts of phonograph recording and motion picture photography 





} 


3 
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without involving any radically different methods of recording the sound 
or necessitating any change in the picture film itself. This method is far in 
advance of any other thus far advanced, and has decided advantages over 
any other process in the production of both the sound and the photographic 
record. The design and development of the apparatus necessary for making 
and reproducing talking motion pictures of this type, covers several fields of 
engineering science, and no man in the engineering world is more fully 
equipped in experience, invention, genius and knowledge of this subject 
than was Prof. Bristol, who had devoted so many years of his busy life to 
the practical development of sound recording devices. 


The individual character developed in the Bristolphone is unique, inas 
much as it combines all the elements of successful production necessary, 
and the numerous patents, basic and otherwise, as combined in the Bristol 
phone are sound and all covered and recognized. The Bristolphone is in 
successful operation in hundreds of the best moving picture houses at the 
present time. One feature of the Bristolphone which no other invention 
has, is the certainty of precision in synchronization, which is regulated by a 
device for that purpose, that will at once rectify, by retarding or advancing 
the sound record, any error in the production of the sound or lip movement 
of the actors. 

He was ill for several months with a blood clot near the heart and died 
June 18, 1930 

Prof. Bristol was a member of the American Society of Mechanical Engi- 
neers, Fellow of the American Association for the Advancement of Science, 
American Institute of Electrical Engineers, Society of Electro‘Chemical 
Engineers, Society of Motion Picture Engineers, and numerous others. 

He was first married to Miss J. Louise Wright in 1885 and she died three 
years later. June 28, 1899, he was married to Elise H. Myers, who was a 
granddaughter of General Michael Myers. She passed away August 5, 
1924. 


—r— 


NNOUNCEMENT is made by Cutler-Hammer, Inc., Milwaukee, 
Wis., that effective May Ist it has purchased the assets of Union 
Electric Manufacturing Co., also of Milwaukee, manufacturers of Motor 
Control specializing in a very complete line of drum type control apparatus. 
The addition of the Union line to that of the Cutler-Hammer line enables 
Cutler-Hammer to supply any requirement of its customers in drum type 
motor control apparatus. 

The branch sales offices and warehouse stocks of Union will be consoli 
dated immediately with the Cutler Hammer branch offices and warehouses 
The present factory of Union will be operated as a manufacturing division 
of CutlerHammer. Mr. E. F. Le Noir, President of Union, will become a 
member of the headquarters sales staff of Cutler-Hammer. Most of the 
Union personnel, particularly those in the Sales and Engineering Depart 
ments, will also join the C-H organization. 


——r 


The Matheson Co., of North Bergen, is removing to new quarters in 
East Rutherford, N. J., and will be established there after July first. 
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ScrenTIFIC MANAGEMENT IN AMERICAN INDustTRY. The Taylor Society. 
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Measurements 
Industrial & Scientific 


An Instruction Book for Engineers 


DR. WALTER BLOCK 


Eichungsdirektor der Provinz Ostpreussen 


CHAPTER VI. MEASUREMENTS OF LENGTH 
1. GENERAL REMARKS AND STANDARDS 


With the exception of weighing, measurements of lengths are of greatest 
importance for the physicist and chemist; they shall, therefore, be treated 
somewhat more exhaustively according to their general importance. 
Lengths can be represented by the distance between two points or two 
lines, or as it occurs much more often in practice, by the distance between 
two surfaces. If, on a piece of material to be machined two punch points 
are made or two places marked by lines we have the first case, the length 
of a railroad rail, on the other hand, is characterized by the distance of its 
two end faces. In the same way, the diameter of a sphere is determined 
by the distance of two planes which, in this particular case are represented 
by a single one, the plane passing through a diameter. If now a length is 
to be measured it will, in general, be more advisable to start from this 
difference in the representation of the length. Therefore, technically two 
kinds of measures of lengths are distinguished, namely end measures and 
line-measures. The latter are more generally known in daily life and are 
represented by the usual rules. The distance between two divisions 
therefore indicates a certain length. They have the further advantage 
that one rule can represent many individual lengths. 


On the other hand, the pure end measures have the disadvantage that 
they can represent, in general, only one definite length. For example, if a 
cylindrical steel body is machined so that its two end faces are exactly 
parallel to each other at a distance of 100 mm, such a measuring body 
represents an end measure for the length of 100 mm and can be used as 
will readily be seen to determine the distance between two surfaces with 
very great accuracy. Such end measures are used in numerous kinds in 
industrial plants. A combination end and line-measure is the familiar 
caliper. It has, as is known, a division in lines and a rigid leg at one end 
while a second movable measuring leg is movable on the division itself. 
Both are adjusted in such manner that they coincide with their measuring 
faces when an index on the movable leg coincides with the zero point of 
the division. If one separates the two legs, the distance between the two 
measuring faces is exactly equal to the reading of the division. The end 
measure is here represented by the distance of the two faces, namely the 
faces of the two measuring legs, and one has, in this case, a variable end 


1 


measure which can he adjusted for any desired distance. 
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For the laboratory, especially for chemical purposes, line measures are 
principally used for the measurement of length. These are manufactured 
industrially in a great many different kinds, shapes, accuracy of division, 
and lengths so that it is not difficult to find suitable measures for any pur- 
pose. Quite generally it may be pointed out that at present it is not yet 
possible to manufacture longer measures so that all lines are absolutely 
accurate. Even in the best measures one will always have to figure with 
an accuracy of each line of a few thousandths of a millimeter. Longer 
measures which need only be accurate to a few hundredths of a millimeter 
can be obtained easily. It is different with small scales up to about 100 mm 
length. They can be obtained from the best manufacturers where the 
error of the line divisions seldom exceeds more than 1/1000 mm. 


It must, however, be considered that the length of all measures are 
influenced to a comparatively large degree by temperature as soon as one 
works with long lengths and desires somewhat greater accuracy. It must 
be taken into account that the usual materials for measures have a tempera 
ture expansion coefhcient between 1 and 2 hundred thousandths, i. e., 
each measuring length changes its length at an increase of 1° in temperature 
by 1 to 2 hundred thousandths. In particular it must be remembered that 
the two principal materials for measures, steel and brass have expansion 
coefficients on an average of 11.5 and 19 x 10~® respectively, which means 
that a brass measuring rod which at 0° has the exact length of 1 m is, at 
20°C longer by 0.38 mm than 1 m, while a similar measuring rod of steel is 
longer by 0.23 mm, therefore shows a fairly noticeable difference compared 
to the brass rod. For all exact length measurements, this temperature error 
will have to be taken into account. In some respects, however, the matter 
is somewhat simpler. If measurements need be made only at the usual 
laboratory temperature the continual reduction to 0° need not be made; 
at present all measuring tools are adjusted to the standard temperature of 
20°C') so that by working at or near this temperature no errors are made. 
Further, another point must be considered. If, for instance, two points 
are marked at 0° on an iron plate by means of a correct scale, which is also 
of iron or steel, exactly 1 m apart, and if this scale and iron piece are exposed 
to different temperatures and care is taken that both temperatures are the 
same, it is at once obvious that under this condition the distance of the 
two marks measured with the scale must again give the same result, because 
as piece and scale are of the same material they expand equally with tempera- 
ture changes, therefore their lengths change uniformly, which means 
errors of temperatures are excluded, of course under the supposition that 
the expansion coefficients of both pieces are actually the same. In con 
clusion it can therefore, be stated: measurements of length in which 
standard scale and the piece to be measured consist of the same material, 
and which are kept constantly at same temperature, are completely free of 
errors due to temperature, the values of length for the standard temperature 
of the scale are obtained without any reduction. 


In the following table the principal materials for measuring scales of 
better quality and their expansion coefficients are given. 


1)On the question of standard temperature in engineering numer 
need be made only since 1918 to the volumes of Zeitschrift des 
Werkstattstechnik, etc., but especially to the publications of the Com 
NDI). 
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Temperature Coethcient it Ma s for Measuring Pury 
Values in 0.001 m nd 1 C., crease of temperature 
All values must be conside ages 
Aluminum 24 24 
Le 29 18.5 
17.5 18 
12 13 
5 ) 
Jena 1611 8.1 88 
Jena §9III 5.9 0 § 
Invar (nickel-steel with 36% Ni l ilar to axis 144 
Indilatans ( Kr upp 1.6 Axis 8.0 
Nickel steel (58% Ni 12 19 
Iridium 6.5 40) 
Constantan 15 40 
Copper 17 
Iron and Steel have practically the same expansion coefficient. An average a little more exact then given above {s 
1.5 x 10-6 A hard steel casting has up t 14x 10-*, cast ire n down to 9 x 10-6 


With respect to the foregoing, the iliinien may be said: wood, celluloid 
and similar materials as ivory and bone, are considered only for scales of low 
accuracy as they are changeable and easily altered by external influences, 
but with care they stand up as can be observed with the familiar divisions 
of slide rules which give as is known from many experiments, a measuring 
accuracy of about 0.05 mm if manufactured carefully. For finer divisions, 
generally brass inlaid with silver is used because lines can be drawn extra 
ordinarily well on silver. Unfortunately, it is attacked very strongly by 
the usual air in a laboratory. Suitably treated steel is almost as gi a 
For both the changes of length which are in no case entirely excluded a 
fairly small during the course of years. Platinum is a very high-gr: - 
material ‘for scales but often out of the question due to its price and used 
only for small scales or as a coating for other materials as it also permits 
drawing very fine lines. A very high grade material is 36% nickel-steel,’) 
called Invar in France. An equivalent material is manufactured in Get 
many by Krupp under the name of Indilatans. It is particularly con 
spicuous by the fact that its expansion coefhcient is negligibly small, 
according to its composition, and approximately equal to 1 x 10° while 
the expansion coefhcient of its two principal constituents is more than ten 
times larger. This expansion coefhcient can by the way, be greatly changed 
by proper mechanical and heat treatment so that pieces can be obtained 
which are practically free from expansion or sometimes even have a negative 
expansion coefficient. From the point of view of measuring technique they 
possess the disadvantage that their variation with time 1s quite considerable 
and apparently the larger the smaller the expansion coefhcient. Also the 
latter itself does not seem to be invariable. In certain cases, particularly 
for shorter scales, they are an excellent material. It is not easy to work 
but it can be very well polished 

The expansion coefhcient of glass is given in the table as a certain average 
value. Glass is generally used only for small scales where its temperature 
expansion is immaterial. Quartz glass with its negligibly small expansion 
coeficient has also been used occasionally for high-grade standard rules, 
however, the drawing of the lines on it offers considerable difficulty. 
Crystalline quartz is indispensable for precision measuring purposes. 


A few more words on iron and steel, respectively, as material for measures 
of lengths. It is that material, which is used industrially to the greatest 
extent, but which has certain disadvantages particularly when applied as 
end measures, and in fact, in those of the highest accuracy. On the other 


*)This alloy contains mainly iron and nickel, and, in small amounts, according to the desired purpose, manganese 
chromium, traces of sulphur, and silicon 
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hand it is very difficult to obtain grades of steel having a definite coefficient 
of expansion, and just this latter property for steel unfortunately varies 
within very wide limits. There are cases known where it was as low as 
9x 10~°, but also as high as 14x 10°-*. Even values with still greater spread 
occur occasionally. Besides, steel must be hardenable for making end 
measures; this has the disadvantage that stresses occur, which gradually 
disappear and then result in changes of length, consequently bodies of 
hardened steel have a tendency to change their length, if not very much, 
enough to make them of appreciable importance for industrial end measures 
in industrial laboratories. Hardened steel can be aged by suitable methods 
of tempering and thereby made more permanent in volume. A sufficient 
permanency from the measuring-technical point of view can, however, not 
be obtained in all cases with any degree of certainty. Soft, unhardened steel 
is much more advantageous for measures. The question of a steel of per 
manent volume for measuring purposes which can be only a pure carbon- 
steel has so far not yet been solved. The manufacturers of measuring tools 
have to take special care in the treatment of steel in order to obtain satis 
factory measuring tools. 

Concerning the shape of measures, this is entirely dependent on the 
application. Something on the shape of highest-grade measuring rods with 
X and Ussections was said in the introduction. In general, these shapes 
will not be used for usual purposes, but measuring rods with rectangular 
section will suffice, which, for many cases, are sufficiently accurate. If a 
chemical laboratory has at its disposal a measuring rod of rectangular section 
of 1 m length which is of high-grade manufacture so that its division can be 
considered correct to 0.01 mm it will be sufhciently equipped for all cases. 

The question of supporting measuring rods has already been discussed. 
In addition it may be stated here, without proof, that in each rod two 
points can be found in which it can be supported without its length being 
changed. These points the location of which can be calculated are desig- 
nated as Bessels points; they are each 2/9 of the length of the rod distant 
from the end. If the rod is supported in these points the rod apparently 
shortens between them and is lengthened in the free overhanging ends. 
Both effects are just counterbalanced. 

Further, it must be noted that a scale can change its length if it is placed 
in a vertical position, that is, if such a measure, for instance, is used, to 
gether with a cathetometer. If, therefore, a correct scale is put in a vertical 
position on its end it will be shortened due to its elasticity, and it will be 
lengthened, for the same reason, if it is suspended by its upper end. If 
for measurements of length in the vertical direction only the total length 
of the scale is required these two changes can be compensated by fastening 
it in its center. 

A vertically suspended rod of length | and weight p and of a material 
the modulus of elasticity E may be lengthened by its own weight. The 
unit of length of the rod close to the point of suspension is elongated by 
the weight P, in the center of the rod by P/2, and at its end by weight 0. 
On an average the unit of length is elongated by P/2. The length | is 


l 
therefore subject to an elongation of aE (q is the section). 


Iron has a modulus of elasticity of 20000 kg/mm?, brass 9000 kg/mm’. 
A scale of iron with the dimensions 1000 x 5 x 20 mm, weighs about 780 g, 
the same of brass about 860 g. If suspended vertically they are elongated 
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1000 + 0.780 — 1000 - 0.860 ‘2 
by their own weight by Zyon0 409 ~~ ago00  TesPectively, that is 
by 0.0002 mm or 0.0005 mm. In similar manner, a steel tape of 20 m 
length and 10 x 0.5 mm section, that is 780 g. weight, is elongated by 
= a eins =0.08 mm. A load of 20 kg. fastened to the tape for 
40000 - 5 


20000 
20000 - 5 
The shapes of measuring rods differ according to their practical applica 
tion. Starting from the longest scales the so-called measuring tapes fot 
special purposes, may first be mentioned. In general, they are made of 
thin steel ribbons on which the division is engraved or etched. Sometimes 
the division points are marked by rivets. These ribbons are often so thin 
that they can be bent without difficulty and therefore also closely follow 
curves. Their principal field of application is geodetic surveying. They 
are made in lengths of 5, 10, 20, 50, and also more meters. If they are 
used for measurements care must be taken that they lie in a straight line 
as they naturally will be noticeably shortened if they sag on an uneven 
surface. For more exact measurements it is even necessary to stretch 
measuring tapes with a definite tension as they are easily elongated slightly 
due to their very small section. In many cases, therefore, their length 

holds good for a tension of 10 kg. 

Such tapes are also made in shorter lengths, a few meters down to 1 m, 
in correspondingly smaller sizes and thinner sections. Such types are often 
very convenient if it is question of measuring lengths which do not lie in a 
straight line, as circumferences of cylinders, etc., where this tape can 
easily be made to closely follow the contours. If difficulties are encountered 
in measuring the diameter of a cylinder directly greater accuracy is obtained 
by simply measuring the circumference with the tape and calculating the 
diameter from it. But the following must be considered: The tape has a 
thickness of 0.5 mm. If it be put around a cylinder having a circumference 
of exactly 200 mm, the tape will indicate this. This means, of course, that 
the central layer, the neutral layer of the tape, is exactly 200 mm long 
The layer with the divisions is elongated, the opposite side the length of 
which actually coincides with the circumference of the cylinder, is short 
ened. Fora circle C=27 7. In the present case r is about 32mm. The 
apparent shortening of the inner layer of the tape is therefore 2 x - (0.25 
1.57mm. The circumference of the cylinder is consequently 198.4 m. 


stretching will elongate it by -20=4 mm. 


Measuring tapes of materials other than steel or nickel-steel are not 
used where accurate measurements are desired. But mention may be made 
here of long measuring tapes of 10 to 20 m of textile materials which in 
many cases may well be used to advantage and which are improved con- 
siderably by weaving them with wire without losing much of their flexibility. 

The other shapes of measuring rods can be designated as fixed scales. 
In special cases they are made in lengths up to 10 m, generally 1 and 2 m 
lengths are standard. Generally they are of the practically convenient 
rectangular section, in many cases one edge is beveled, as in the known form 
of a ruler so that the divisions directly touch the underside. 

Measures of this kind are manufactured in any length. In smaller 
lengths of about 10 cm and less they are usually designated as scales. The 
latter are extremely important from the measuring point of view since, as 
mentioned before, it is possible to meet higher demands for accuracy in 
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such shorter division than is otherwise possible. For scales, glass is often 
also employed for the material. This can be done in the shorter lengths as 
they are less liable to break. Quartz also is occasionally used. There is no 
doubt that the arrangement of a division on a transparent body often has 
a very great advantage. Otherwise, measuring rods of glass are only 
made for certain special purposes, they could very often be used to great 
advantage if the danger of breaking were not so great. The scales for the 
so-called mirrorreading instruments are, however, frequently made of 
glass as they can be artificially illuminated easily and uniformly. 


The division of rules is generally in millimeters. A closer division is not 
practical though frequently divisions of 1/2 mm are made. The possible 
small increase of measuring accuracy which is, by the way, only quite 
insignificant, is completely counter-balanced by the greater difficulty in 
reading. This, of course, changes entirely if the measure is used with 
microscope reading. Special scales are often used in connection with 
microscopes of larger or smaller magnification. For instance, the micro- 
scope glass-scales may be mentioned which are placed in the ocular, and 
are visible together with the observed object, and serve to determine the 
dimensions of the latter. It offers no difficulties to make scales of any shape 
and length, which are provided with divisions of 0.01 mm. Divisions for 
measuring purposes with still closer lines are hardly ever made even for 
microscopic readings, although the practical possibility exists as frequently 
lattices for optical purposes are made which have lines 0.001 mm distance 
apart and less. For many divisions of scales, especially such as are used in 
connection with microscopes, the length of the sections is often of no 
importance as it is necessary to determine these separately in the individual 
cases. Take for instance the case of a microscope with ocular scale where 
the value of a division depends entirely on the magnification of the objective 
and the length of the microscope tube. It is obvious that the divisions of 
such a scale only are of value if the divisions are determined for a certain 
magnification of the objective and tube length. On the other hand, it is 
also necessary that such divisions be made absolutely uniform. For obvious 
reasons, manufacturers generally make such scales with strictly metric 
divisions to be able to also use them for other purposes. 


Nothing more need be said on the application of such measures for 
measuring purposes particularly if it is possible to place the standard and 
length to be measured side by side to determine the length with the naked 
eye. The only correction which eventually need be made is the influence 
of temperature which has been discussed above and which within the 
usual temperature limits of the laboratory and for lengths of 1 m, amounts 
to only a few tenths of a millimeter. If lengths are measured by means of 
microscopes, that is with greater accuracy, temperature errors must, of 
course, be determined more accurately. This holds for the simple case of 
measuring the barometric pressures or other pressures with the catheto- 
meter. In such cases it will be necessary to know the temperature expan- 
sion coefficient of the material of the measure and, of course, also that of 
the object, the length of which is to be determined. In the majority of 
cases the values in the table above will be of use. These are sufficient 
especially if one works within the narrow limits of temperature in the 
laboratory. Let us take the frequent case of a brass scale, it can be assumed 
with full assurance that its expansion coefficient is 18.5 - 10~* for 1 m and 
1°C., and that, with greatest probability, this value is not in error more 
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than 2 - 10~°, very likely even not more than 1 - 10~° mm that means that 
for a length of one meter and with the usual laboratory temperature 
fluctuations of a few degrees no greater errors can be committed by this 
assumption than 0.01 mm, very probably not more than 0.005 mm, values 
which are almost always insignificant. 

In general, the length of a measuring rod, i. e., the distance between its 
end lines is represented by a formula about as follows: 


l 


L=l+at=1m—6+etor 
| ], 1+ea t) or 
], =], +a (t—20°). 


Therein, a denotes the expansion coefhcient of the measure and t its 
temperature at the time of measurement, while |, and |, respectively, are 
its true lengths at the observed temperature t and a standard temperature, 
for instance, 0° or 20°. With such a formula the length of a measuring 
rod for the desired temperature can then be calculated with sufficient 
accuracy, and, what is also very important, the lengths of parts of the rod. 
If we assume for illustration purposes the case that we make a very accurate 
determination of barometric pressure by means of a brass scale which is 
correct at 0° and has an expansion coefhcient of 18.5 - 10-°. With the 
cathetometer the barometric pressure may have been read to be 763.28 mm. 
We must now determine what the true level of the mercury column is at 
the prevailing observation temperature of 19.5°C. (The expansion of Hg 
will not be considered.) The total length of the scale can be represented 
by the equation |, =1,+18.5 -10-°tm 


or for the given temperature 


1, =1,+18.5 -10-* mm ° 19.5 =1,+0.361 mm = 1000.361 mm 


under the assumption that the scale is absolutely correct.§ Its total length 
is, at the observation temperature, 0.361 mm too long, for the length of 
763.28 read therefore too long by, 
0.361 - 763.28 _ =().275 mm. 
1000 

The true height of the Hg column of the barometer is, therefore, not 
763.28 mm but 763.28+0.275 = 763.55 mm. This is the true length of 
the mercury column of the barometer if we had compared it with a measur 
ing rod whose length is independent of temperature and gives exactly the 
true length. The conversion of the mercury column to an observation 
temperature of 0°C. will be discussed later. 


2. VERNIERS 

The means for measuring lengths so far discussed have been restricted 
by the assumption that the scales are read with the naked eye without any 
other help. We will now pass over to a brief discussion of such measuring 
apparatus which facilitate such readings or permit carrying out finer 
measurements. We pass, therefore, from the measures of length proper to 
the measuring apparatus for lengths. At first, two expedients will be 
treated more in detail which are especially important, nial the vernier 
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ind the use of screws for the measurement of lengths 

The vernier is an extremely widely used expedient to read scales more 
accurately. If we have a scale divided into millimeters a vernier is called 
an auxiliary division which is made so that, for example, 10 uniform divi 
sions of this vernier correspond -vatiged to nine divisions of the scale 
Verniers of 20 or 25 and 50 divisions also made in the same mannet 
as the vernier of 10 divisions. Thee: 19 divisions of the principal scale 
correspond to 20 divisions of the vernier, or 24 to 25 and 49 to 50, 
respectively 

As an illustration, the most simple vernier of 10 divisions may be ex 
plained (Fig. 21). If the zero line of the vernier coincides with the zero 
line of the principal scale, the tenth division of the vernier coincides as 
required with the width of the scale. That means that division 1 of the 
vernier has a distance of 0.1 mm from line 1 of the scale, division 2 of the 
vernier a distance of 0.2 mm, etc. If, therefore, at any other position it is 
found that, for instance, line 4 of the vernier just coincides with any line of 
the principal scale, it is clear that the zero line of the vernier must be 0.4 mm 
distant from the corresponding line of the scale. In other words, if a given 
distance is to be measured, the one end of this distance is made to coincide 
with the zero line of the scale, the other end will, of course, usually fall 
between two divisions of the scale. It is quite possible to estimate approx1 
mately how many fractions of a millimeter the still protruding length 
beyond the last line has. If one is, however, not skilled enough, the use 
of a vernier is more advantageous. The vernier is put at the end of the 
distance in such a way that its zero line coincides with the end of the 
former, and read. For instance, the seventh division coincides with 
division of the principal scale. Thus the vernier gives directly by its 
reading that the length beyond a whole millimeter is equal to0.7 mm. The 
number of whole millimeters can, of course, be read without any difhculty 
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This method of measurement, somewhat difficult to describe, is very 
much simpler in practice. At this opportunity a very important simple 
measuring instrument may be discussed which makes through use of the 
application of a vernier and which is of quite extraordinary advantage 
for many measurements and is actually used in practice in innumerable 
cases. It is the so-called caliper. It consists in principle of a scale carrying 
on one end a rigid leg perpendicular to the direction of measuring. A 
sleeve slides over the scale which is easily movable and can often be clamped 
to the scale by a screw and carries a similar measuring leg. The inner jaws 
of the two measuring legs are shaped either as broad faces or as shat 
edges, but in any case so that they touch each other along their whole 
length when they are brought together so that the line of contact is at 


~ 
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right angles to the scale. The latter has a millimeter division and the 
sleeve a division of the vernier so that the zero line of the vernier coincides 
with the zero line of the scale when the legs are close together. The caliper 
is a special instrument for measuring thicknesses. If a wire, the diameter 
of which is to be measured, or any other object is placed between the 
measuring legs and the latter moved toward each other until they hold it 
tightly, the zero line of the vernier will in general, lie between two lin 
of the division of the scale. The last principal line of the division wi 
therefore, indicate the thickness of the object in whole millimeters, to 
which, then, must be added the distance of this line from the zero line of 
the vernier. The latter can be determined, exactly as explained before, 
by finding which line of the vernier coincides with a line of the scale, and 
if this is, for instance, line 8 of the vernier, we know that 0.8 mm must 
still be added to the number of millimeters read on the scale. It may be 
noted that it is not at all necessary to determine which line of the scale 
coincides with the line on the vernier. On the scale only that line need 
be read which immediately precedes the division of the vernier. 

If it is a question of a vernier with 20 divisions which is frequently the 
case, that is 19 divisions of the principal scale equal 20 division of the 
vernier, the considerations are absolutely similar. The difference of the 
distance from line to line is then not 0.1 mm but 0.05 mm, i. e., while the 
vernier described above reads to 0.1 mm, the latter gives results to 0.05 mm, 
or a coincidence of line 6 of the vernier with the principal scale. means a 
reading of 0.3 mm, 16=0.8 mm, 13 =0.65 mm, 7=0.35 mm, etc. Very 


often the numbering of the vernier is made so as to eliminate the division 


by two and to read the fractions directly. (Fig. 22 is an example of 
vernier with 25 divisions. 
The vernier with 50 divisions, finally, gives readings to 1/50 =0.02 mm 
Here also the numbering is generally made so that the fractions are read 
directly, i.e.,a reading of 37 corresponds to 0.74 mm, of 21 to 0.42 mm, et« 
It is of course assumed that the division of such as vernier is very accuratein 
itself. Usually a magnifying glass must be used to determine with certainty 
which two lines coincide and if the division is of only mediocre workmanship. 
The coincidence will not always be without doubt but that line, must be 
selected which apparently seems to coincide best. A vernier of fifty divisions 
is only of value if it is accurately made, which can be done without difficulty. 
The same divisions of a vernier are in many cases also used for circular 
divisions where, of course, the arrangement and principle of its use fully 
agree with what has been said above. How the vernier is arranged in this 
case can not be covered by a general statement as with the multiplicity of 
types and the many variation possibilities, the arrangement will change 
from case to case. Let us take an often used case, that the principal scale 
has a division of 1/2°, then very likely a vernier of 30 divisions is used which 
correspond to 20 divisions of the principal scale that is to an are of 14.5 
an interval at the vernier is then 1/30 of the principal interval, i. e., one 
minute (=1/30 of 1/2°). In other words, if we read 17 on the vernier, 
we must add 17’ to the reading on the principal scale, however, it must be 
noted whether the zero line of the vermier stands between the lines for the 
full degree and 30’ or between 30’ and the next full degree. The reading 
would correspond to either 17 or 47’. If the principal scale is divided into 
1/4° which is often the case, this would correspond to 15’. Here also a ver 
nier with 30 divisions can be applied, this then gives readings corresponding 
to half minutes. Further possibilities of divisions will not bediscussed. 
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The Engineer’s Handbook of 
Industrial Instruments 
M. F. Béhar* 


CHAPTER Il 
Industrial Temperature Instruments 
(Concluded) 
Part 5—AUTOMATIC TEMPERATURE CONTROL 


Note the title: not “Temperature Controllers’ 
but “Temperature Control.” In line with our 
purpose these pages shun the character of a 

























condensed catalog, treat pertinent new 
subjects. The underlying concept is 
expressed in the flanking triangles 
A departure from usual handbook 
constructi n, but the need dic- 
tated the scope, and the result 
should serve industry better 
than would a_ mere 
compilation, 


PLANNING AND APPLYING 

















1. General Considerations 

A thermometer or pyrometer indicates what the temperature is. 

A recorder shows what the temperature was. 

An automatic temperature controller deals with the future: “Set it 
and forget it’—the slogan launched by one pioneer controller manu 
facturer long before the World War—aptly sums up its liberation of man 
power for more productive occupations. 

Every temperature controller starts with a thermal system. Hence an 
acquaintance with the characteristics of the groups, classes and types of 
temperature measuring instruments is required for an adequate understand 
ing of automatic temperature control—controlling instruments, controlled 
devices and other elements of temperature control systems. Since indicat- 
ing thermometers and pyrometers have been dealt with in parts 2 and 3 
of this chapter, their advantages, limitations and other characteristics 
need not be dwelt upon here. The thermal systems embodied in all 
temperature controllers obey the same physical laws as are obeyed by the 
corresponding indicating thermometers and pyrometers, but practical 
requirements have imposed far different forms in most cases. It is of 
interest that the difference between a temperature indicator and the cor 
responding thermal system of a temperature controller (for the same given 
range) is usually small for high temperature applications, and becomes 
greater as the range lies lower. Thus in quickly glancing over the entire 
held of temperature control, one observes that pyrometric control systems 
start off with indicating and recording pyrometers to which a few extra 
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parts have been added; whereas in the “hot-water” working ranges we 
meet a great variety of thermal systems which, while they have bulbs and 
connections identical with those of the indicators and recorders, differ 
widely inside the instrument case on the panel board (when there is any 
thing at all resembling a case); and finally, in the field of refrigeration 
control, we come across specially designed thermal systems which, while 
employing one of the several applicable principles of thermometry, resemble 
thermometers as little as a bell-ringing push button resembles an automatic 
motor starter. 


Since automatic temperature control won noticeable acceptance in 
industry with the turn of the century, the trend toward simplification 
where temperature indication was not required of the controller—tresulted in 
a variety of inexpensive thermostatic devices. These invaded the domestic 
field, whereupon competition arose and brought about even greater sim 
plification. It was discovered long ago that whereas a temperature indi 
cating instrument must be accurate over its entire range, the sensitive 
element of a thermostat need only be “‘accurate” over a very narrow range. 
The on-and-off mode of control of the simpler devices further reduced the 
number of design factors. Quantity production led to standardization and 
an ever-increasing number of applications have been discovered, developed 
and exploited in the home, on the farm and in the office, as well as around 
the plant. 

A parallel line of development combined the sensitive element with 
the actuating element: the same part which responded to the temperature 
turned the heat on and off as required. This simplification has reached 
what may be its triumphant climax in the Westinghouse Klixon for pre 
venting over-heating of electric irons—a bimetallic disk which suddenly 
bulges at a certain temperature, with sufficient strength to throw the cut 
off switch. If this device does not hold the record for simplicity, then 
perhaps the glory belongs to a tiny hollow brass disk which, when dropped 
into a socket before screwing in an electric bulb, causes the latter to blink. 

On the other extreme, we might mention certain systems of temperature 
control for blast furnaces and other very large and very important industrial 
applications—but we do not imply that these constitute the climax of 
complexity and cost. 

At any rate such examples show the considerable and ever-growing 
extent of the field of automatic temperature control—a subject which 
could fill volumes. We can only deal with the industrial process tempera 
ture controllers—with the devices themselves without attempting to 
touch upon their specific industrial applications—and very sketchily at 
that . . . and control must be discussed before controllers. 

Another thing which strikes one who travels his glance over the field 
of temperature control, starting with high temperatures and ending with 
refrigeration, is that the number of specialized and standardized thermal 
systems and relay systems is the greatest in the middle, tapering off at 
both ends. This is in exact accordance with the “penetration” of tempera 
ture control in winning the confidence of industry. As long ago as 1919, 
Fairchild and Foote of the Bureau of Standards, addressing the A.I.M.M.E. 
on “High Temperature Control,” declared that “the greatest progress 
has been made in those industries in which the lower temperatures are 
used, particularly below 500°C. In this lower range automatic control 
has been highly developed.” 
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Suitable Equipment Required 

This significant utterance, still applicable today, may be paraphrased; 
and it may be said that the development of automatic controllers is bound 
up with the development of automatic control. As in other fields of inven 
tion, the device which is ahead of its time can make little headway. Great 
as has been the extension of temperature control in industry, it is in its 
infancy, and its adolescence waits upon the growth and manifestation of a 
greater interest on the part of precisely that group of industrial engineers 
who would reap its greatest benefits. Let us not forget that there is a 
limit, after all, to the mind-reading ability of the instrument maker and to 
the power of advertising and salesmanship. The further development of 
automatic control and of controllers demands, first, a greater temperature 
consciousness on the part of prospective users of temperature controllers 
in industry; second, the granting of a freer entrée to instrument men by 
the former .. . 

and, third, a more receptive attitude on the part of the equipment 

manufacturer. It is high time for builders and manufacturers of furnaces, 
kilns, melting pots and tanks, lehrs, ovens, boilers, kettles, stills, towers, 
vats and of all other diversified industrial equipment, to realize that some 
among them are holding up the procession. It is high time for all to follow 
the example of a few who make “controllability” a part of design routine. 

Every reader of this Handbook probably knows of some temperature 
control installation which was turned off or disconnected “because it did 
not work.” The chances are that the controller was not given the proper 
opportunity to fulfil its mission, the reason being possibly that it was 
abused and probably that the equipment on which it was installed was 
not suitable for its application. Articles on automatic temperature control 
frequently appear in industrial publications and their authors are prone 
to make the general statements (1) that any piece of equipment which 
cannot be controlled by hand cannot be controlled automatically——which 
is correct—and (2) that where temperature can be controlled manually it 
can be controlled automatically—which is wholly untrue with reference 
to the very applications which today still resist the conquest of automatic 
temperature control. Is it not a fact that in the case of several metal 
lurgical processes manual control really means visual control, and that the 
furnace builders stick to their designs which were developed for the 
benefit of the old-time pre-pyrometry metallurgists who worked by eye! 

Such furnaces will have to be re-designed by or with the assistance of 
three groups of experts: (1) specialists in the proper application and loca 
tion of thermocouples and radiation receivers which * ‘feel” the temperature 
which is to be controlled; (2) specialists in the application of power-driven 
regulating devices; and (3) specialists in the combining of these two ele’ 
ments—engineers who might be called the liaison officers experienced in 
the performance characteristics of temperature control applications. 

Finally, we must not forget the operating man’s viewpoint. If the 
equipment is such that temperature control is not really automatic, he 
will be the first one to complain . . . or make trouble.* 








*Excellent discussions of design factors with regard to 











R. M. Keeney’s article “Form of Furnace for Heat ys, | 1930), a 
Mawhinney’s paper BY hn gear e Distribution i nt he Se 
Cleveland meeting of the A. S. M.E. Ti liscus the wa Ap] 
temperature control to furnaces where grad xist, J h ati t 
perature is representative and where at the same time it is indicativ both changes in demand and effect 


in supply. 








Page 428 INSTRUMENTS July, 193 





Proper Installation Required 

Next to the application itself, which sometimes precludes automatic 
control and always limits the number of suitable temperature control 
hook-ups, the manner in which control is applied is a prime consideration. 
In many cases the man in charge of a process may cry in vain for close 
control, because even if he selects a type and make of automatic controller 
which, with its appurtenances, is likely to give him fairly good results, the 
proper installation of this temperature control system might require that 
the instrument company’s engineer spend an entire week on that appli 
cation . . . after spending months studying the process. That is one reason 
why automatic control has not yet been adopted for certain processes, 
especially for certain high temperature processes. Not only have some 
furnaces not yet been sufhciently modified for the application of temperature 
control devices, as mentioned above, but the furnace builders, the instru 
ment makers, and the metallurgists have not yet pooled their knowledge 
sufficiently to apply control in a scientific way to many furnaces which 
could be controlled. Instrument sales and service engineers cannot be 
expected to possess intimate knowledge of all temperature processes and 
of all types of temperature process equipment. Team work is required. 
Team work means “getting the signals,’ means understanding one another. 
It is too much to expect of processing equipment builders and users that 
they learn the language of the instrument fraternity. They need not even 
learn much about controllers. But they must understand control. Espe 
cially the industrial process man: his job—let it be repeated—is the con 
quest of variables, which is another name for control of all conditions. 
Temperature being an important condition he cannot afford to “leave it 
to the instrument man,” much less to any instrument salesman. He must 
be able to define what he wants in the way of control. 

A good yatchtsman can sail a sloop, ketch, yawl, schooner or square- 
rigger without knowing a thing about shipbuilding; a good driver can take 
anything from a Mack truck to a baby Austin through crowded trafhc 
without ever having lifted a hood... 


2. Possible Classifications of Industrial Automatic 
Temperature Control Devices and Systems 


The above heading suggests one classification—the word “Industrial” 
excluding domestic devices.* Even restricting our scope to the industrial 
temperature controllers, space limitations prevent their being treated 
exhaustively as mechanisms; there is a better use for this space than 
encyclopaedic cataloging. 

Another possible classification is by the usual designations and what 
they stand for, but the nomenclature has not been standardized and as a 
matter of fact it would be hard to draw lines separating thermostats, heat 
regulators, temperature regulators, automatic temperature controllers and 
automatic temperature control systems—not to mention devices called 
by other names. 

Another classification is into non-indicating, indicating, and recording 
automatic temperature controllers, these designations being self-explanatory. 


“As a matter of fact, some of these—especially those that come within the jurisdiction of and comply with tk 
various electrical and mechanical standards sponso red by the AIEE, NEMA, NELA, Underwriters’ Laboratories 
ire better de signed, better constructed, operate better and sometimes necessarily cost more than some of the simpler 
rms of industrial heat regulators. 
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Usages vary somewhat in the application of modifications of these names. 
In the thermometric range we find such terms as “indicating controller” 
and “recorder-controller,” both of which are self-explanatory. In the 
pyrometric range, “controlling pyrometer”’ is gener: lly understood to mean 
an instrument which also indicates, while “recording controller” and 
“controlling recorder” are both used—never “recorder-controller.” ““Con- 
trolling potentiometer” is the usual designation when the system is based 
on that class of instrument, the reason being that potentiometers with 
control features are applicable without modification for the regulation of 
other conditions beside temperature: humidity, flow, level, pressure, gas 
analysis, pH, speed, light, etc. 

“Self-contained” and “distance” or other such terms suggest a simple and 
practical distinction between instruments located at the point of application 
and those with connecting tubes or couples running from the bulb or couple 
to another element of the system; or else the distance feature may refer to 
the operation of a valve at a distance from the instrument case which may 
be located on a panel board. 

One logical classification is into self-operating instruments or appliances 
or devices; and control systems which utilize relays. By “self-operating™ 
is meant that the primary element responds to temperature with sufhcient 
force to operate a valve, damper, etc., for controlling temperature. If the 
primary element operates a pilot valve or a switch the controller belongs 
to the relay class. The “instrument” proper forms part of a hook-up 
which must be considered as a whole: the instrument “governs” the power 
which “controls” the temperature. 

This suggests a classification according to form of power. Such forms 
will be discussed below but it will be hard to follow a definite classification 
because some systems would belong to two and even three classes. For 
example, a primary element may actuate an air valve relay which operate 
an electric control which in turn operates the energized final device. 

“The energized final device’—this does not mean the valve or damper 
but the device which operates it; and here we have still another basis for 
classification: Diaphragm, solenoid, cylinder-and-piston, electric notor, etc. 

And last but not least, a classification of the valves and other medium 
controlling appliances. Certainly not least, because this final element of 
the temperature control system often determines the choice of the others. 

To tabulate all the possible combinations in a comprehensive and 
systematic way would be both tedious and useless. An idea of the number 
of possible hook-ups may be had by multiplying the number of types of 
primary elements (about 20) by one-quarter of the number of classes of 
relay methods (about 8), multiplying the product (about 40) by one-quarter 
of the number of forms of power devices (about 20) and multiplying this 
product (about 200) by one-quarter of the number of varieties of finally 
operated valves (about 400). We get something like 20,000 possible com- 
binations, and only one-quarter of the number was used at every step 
of this process. 

Or, to put it in another way, you may start with any one of the 20-odd 
types of primary elements, have it actuate one of a choice of two (out of 8) 
relay systems, then select any one of five (out of 20) power devices capable 
of operating any one of 100 (among 400) valves. 

Omitting the valves we have the very conservative number of 200 wholly 
different types of automatic temperature controllers. We could even call 
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them classes because they would all be mutually exclusive. And all this 
without mentioning the possibilities in the way of direct and reverse action 


at each step——which gives us 200X222 = 1600. 


3. Selecting a Controller 

Probably a greater number of combinations or hook-ups have actually 
been made and installed by scores of manufacturers. Not all of them have 
been standardized and cataloged. Nevertheless, after many nights of 
browsing through piles of catalogs, the author concludes that the number 
of different combinations actually on the market runs into so many hundreds 
that for any “average” industrial application—say a steam-heated applica 
tion—the choice of hook-ups (regardless of make) is bewildering. There 
fore, it would seem from a purely logical standpoint that the one best 
course for an industrial engineer to follow would be somewhat along these 
lines: First, make sure that the equipment can be controlled. Then, 

1. Determine the size of steam valve. 

2. Select the form (which may mean make) of valve having the best 
characteristics. (All worth-while manufacturers have plotted them.) 

3. Select the class of valve-operating device which has the most appli 
cable operating characteristics with reference to the steam supply and the 
valve characteristics. 

4. Having taken care of the end, go to the beginning and select the most 
suitable class of primary element for the temperature range. 

5. Within this class select the most suitable type, form, material, 
size, etc. 

6. Select the most suitable connective mechanism between your primary 
element and your power device.* 

This is a logical or “ideal” procedure for the engineer to follow. If he 
is not himself an “ideal” engineer he may have to devote a week or so to it. 
A flesh-and-blood engineer who has to earn his bread-and-butter in a plant 
seldom has a chance of doing it—except perhaps where his problem is to 
standardize on the best control for a large number of identical pieces of 
apparatus. Splendid results have been achieved in some such cases: There 
are on the market various makes of heaters, kettles, and dozens of other 
standardized pieces of processing equipment which are furnished complete 
with properly applied automatic temperature control. Back of each is the 
story of an earnest engineer who may not have studied the details of many 
controllers but who certainly understood what was required in the way 
of control. Even here the question of price will influence his selection and 
the question of service may make him put up the whole problem to one 
manufacturer of complete temperature control systems. 

Price and Service . . . we must recognize the existence of these powerful 
considerations and their weight in commercial reasoning. Engineering 
reasoning, however, arrives at the inevitable conclusion that perfect 
control is an unattainable ideal. This applies not only to temperature 
control but to all regulation problems and no doubt it is an old story to the 
engineering reader. The idea is that automatic control must start off with 
a primary element responding to departure from normality. This well 
known principle implies that the one best temperature cannot be main- 
tained constantly. The engineer’s job is to conquer variables. If he has 


*This does not preclude self-operating controllers. Engineering analysis may arrive at the cx 


all things considere to have the primary element actuate the valve 


nclusion that 
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done so before the installation of any thermostatic system, the recorder 
will show an even line and the controller will not be needed. In practice 
this state of things never exists because neither the supply of B. t. u’s nor 
their consumption can ever be exactly equalized in order to maintain the 
proper temperature. 

Maintaining the optimum temperature is not a case of balancing static 
forces. On any temperature apparatus we have an incessant flow and 
transfer of heat. The “driving” comparison throws much light on the 
subject: When you wish to maintain a speed of exactly 40 m. p. h., you 
keep your eye on the speedometer and expertly bear down on the accelera 
tor. When you climb a grade, you have to increase the flow of mixture 
through the manifold; and on a downhill you sometimes can coast with the 
throttle almost shut. No matter how keen your eyesight or how quick 


» your foot muscles, a recording speedometer would show a slightly saw 


tooth record. You act only when there is a departure from normality. 
You never can maintain a speed of exactly 40 m. p. h. but you can, depend 
ing on the degree of your skill, maintain 40+0.2 m. p. h., or 40+0.6 
m. p. h. In like manner no controller can hold at the exact optimum 
temperature. It can only hold “within” so many degrees, as the expression 
goes. What is called perfect control is simply very close control. 


4. Modes of Control 


Here ends the car driving comparison familiar to many engineers. Let 
us continue it: When you come to a hill you “‘step on ‘er all the way to the 
foot board.” This is something which most classes of automatic temperature 
controllers cannot do and in fact are not designed to do. A sudden extra 
ordinary increase in the demand is not automatically met with a correspond 
ing sudden and extraordinary increase in the controlled supply. All but 
a few (and rather elaborate) classes of temperature controllers are in 
herently and designedly incapable of meeting both small and large variations. 
And when we say controllers we mean the assembled elements of contro! 
systems. Each element has its own operating characteristics—chietly 
amplitude characteristics and time characteristics. All of these together 
make up the “behavior” of one control system. The study of temperature 
control is primarily a study of the behavior of various control systems— the 
study of the various kinds of behavior. This subject, by the way, far from 
being theoretical, is the most practical of all for the practical man to acquire 
Just as in selecting men for jobs, not the height and weight but certain 
qualifications must be kept in mind, so in the application of temperature 
control, the study of various classes and makes of temperature controller: 
with reference to their appearance and construction 1s of little value to 
the engineer who lacks a clear idea of performance standards. For this 
purpose we have had to coin the expression “Modes of Control” because 
the familiar expression “operating characteristics” is habitually applied 
to individual regulating systems. 


Again reverting to automobiles, the terms “pick-up,” “roadability,” 
“mileage,” “ease of steering,” “flexibility,” etc., are mostly comparative, 
mean much to the experienced motorist, not much to Mrs. Newlywed 
driving her first car, and very little to people who have never taken the 
wheel. These terms are loosely grouped under “performance’—which 
means one thing to the truck fleet owner and quite another to the pleasure 
driver. “Performance” of controllers (or of one controller) has reference 
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to the results obtained in labor saving, fuel saving, uniformity of processing, 
etc.—what various controllers do to justify their installation. ““Mode of 
Control” has reference to The One Best Way of maintaining The One 
Best Temperature—how various controllers do it; hence how one does it 
better than another; hence how to select the most suitable. 

Before coming to temperature controllers, therefore, it is necessary to 
ifford a glimpse into the art of specifying and applying control, and getting 
the most out of it. “Art” and not science, because the body of knowledge 
on the subject is widely scattered—much of what there is of it jealously 
guarded, and what little has been made public has been not only fragmen 
tary but highly particularized and narrowly applicable. One can only 
hope at this time to give a summary. 

Inasmuch as the subject*at hand is essentially one of behavior, it will 
greatly simplify matters to personalize the controller. Instead of an 
instrument or elaborate system, let us have a man (as before the application 
of automatic control) and let us study his behavior under various circum 
stances—in a number of “cases,” which are sometimes typical and some 
times merely of interest in bringing out various points. Indeed, let the 
reader take the part... Throughout this discussion you are the automatic 
controller. The mode of control in each case is not so much what you do 

how you do it—rapidly or slowly, completely or partly, correctly o1 
incorrectly 

The § personification of an automatic device is by no means original with this author. 


Robot” articles have abounded in periodical literature since the first American production 
t the Capeks’ play nine years ago. And, in the Wilson-Maeulen Co. booklet on the appli 


ition of control to industrial furnaces we find the following 

“For Automatic temperature regulation we have 

First—Automatic Control instruments Thus we have the equivalent of humar 
bservation and human decision 

Second power operated devices Thus we have the equivalent of human 
inipulation.”’ 


To make the discussion apply to the greatest number of installations, 
let 1 assume a piece of apparatus heated by only one source of B. t. u. 
supply—a steam line. You don’t have to feel the temperature by hand; 
. dialandicating thermometer faces you. You keep your eyes on it and 
your hand on the steam valve. An ideal recording thermometer—wht ch 
you can't see—writes down the exact story of the results of your valve 
nanipulation You resolve to hold at 200°F. Therefore, when you see the 
pointer “~~. above 200°, you admit less steam or no steam at all. 

Simple? On the contrary; we already have material enough for a whole 
book. Consider the following factors: 

The sensitivity of the dial thermometer. If its pointer remains 
stationary unless the temperature of the bulb rises or falls one full scale 
division (never mind for the present the value of each scale division), it 
will be of less help to you than an ultra-sensitive indicator. The best you 
could hope for is a sawtooth temperature record, the depth of the teeth 
being at least two scale divisions—unless you “know when to stop ahead” 
as disc ussed under Case 2. 

The time-lag of the thermal system of the indicating thermometer on 
which you depend is another important factor. Assume it is exactly one 
minute. This being a loose definition, assume that a sudden change of, 
say, 5° in the temperature surrounding the bulb has absolutely no effect 
for thirty seconds, that the pointer then starts to move, first fast, then 
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slowing down so that at the end of the full minute it will have stopped at 
the correct indication. Obviously you will be forced to lag behind the 
actual temperature. A great deal now depends on your judgment. With 
out going into details it is obvious that you must know when to stop. It 
you admit too many B. t. u’s when you see the temperature drop, and hold 
back the supply too long when the pointer rises above 200°, the record will 
resemble a scenic railway; but if—after many tests, of course-——you 
acquire the knack of stopping your corrective measure before the pointer 
goes back to 200, you can produce a record which for many industrial 
applications will be quite satisfactory. (Some controllers embodying 
heavily protected bulbs or thermocouples, can be so adjusted, within 
satisfactory limits.) 

3. In the preceding case it was assumed that some processing condition 
suddenly changed the temperature, and that this condition very kindly 
refrained from “repeating.” Naturally, something may send the tempera 
ture around the bulb up 5° for several seconds, at the end of which brief 
time the temperature around the bulb will return to normal. If the thermal! 
system is altogether sluggish (combination of lack of sensitivity, and time 
lag) you will rather be up against it. You may decide to “wait and see.” 
You may deliberately impose on yourself a sluggishness equal to or greater 
than that of your exasperating indicator. 


4. Or else, you may take no notice of slight departures from 200° and 
you may decide to act only when the pointer has reached a certain distance 
on either side of the setting point, and continues to travel. In any event, 
knowing about the time lag, knowing that the pointer comes to rest one 
full minute after a 5° change in the temperature, you will decide that you 
should never do anything when the pointer begins to move. 


5. Or else again, you may recognize the rate at which the pointer swings 
once it gets started, having observed that it varies with the extent of the 
sudden departure from normality—and the consequent extent of the 
necessary corrective action. 

6. Whatever you decide to do under the circumstances, another mat 
will probably decide differently. The psychological reactions of different 
individuals differ. (Likewise the reactions of differently designed control 
systems differ. By the same token the reaction of any fully adjustable 
control system can be varied in response to or in accordance with the 
direction, extent and speed characteristics of behavior of the thermo 
sensitive element.) 

7. The next consideration is your own speed of reaction. Having 
settled the question of at which point you are to decide to act, it is now of 
interest to know how long it takes you to act. The reaction times of 
different individuals differ. (Likewise in different control systems. It 
must be mentioned at this point that instantaneous reaction is not always 
necessary; nor is it always desirable; and in some cases it may cause too 
much consumption of power, too much wear on moving parts, and other 
troubles in the control system—apart from its undesirability with reference 
to the process.) 


8. We must now consider the nature or extent of your manual action 
Assume your hand is on a gate or balanced valve offering no resistance, and 
operated by a long lever so that the vertical travel of your hand is ten 
inches from full opening to dead shut. In order to simplify the discussion 
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*t us forget that you are watching a dial thermometer. Let us assume 

vu are Watching a set of two signal lights: a red light which flashes while 
the temperature surrounding the bulb exceeds 200° and a green light which 
flashes when it falls below “201 Assume also that there is no time lag 
either in the signal system or in your nervous and muscular systems. You 
nay follow one of two modes—no more 


Open the valve wide when the green light flashes: close it entirely 
when the red light flashes. What happens now? Obviously a sawtooth 
record. But how serious? That entirely depends on the size of the valve, 

| 1 a nand. Here we must refer to 
cess lag,” the time lag over which you have no control. 


f 
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This is not the familiar “‘on-and-off*’ mode of control, in which there is a definite interval 
erential’’ between the two temperatures at which the on and the off actions take 

In 8(a ve, there is no interval: The source of heat is full-on as long as the tempera’ 

x the setting t by any number legrees or even | > fraction of a degree; 

t wi t I re he ntroller bulb is where Is Asagine 


t to the heat supply, on-and-off control will not produce an objectionable sawtooth 

rd it the primary element is sensitive and if the time lag of the controller is negligible—as 
, ' 7 14 1 

med in this particular case. In addition, the temperature of the primary element must 





b) As long as the red light flashes you bear down on the lever at 
definite rate of motion; eventually the green light will flash, and then you 
reverse the direction of the motion of your hand, so that while the green 
ight is flashing you are opening the valve wider and wider. Eventually 
the red light will again flash, whereupon you will again gradually decrease 
the B. t. u. supply—the alterations being repeated over and over. It 
sounds better than (a) and it actually is a better mode of control. (In 
practice, incidentally, it costs more.) Occasionally you may alter the rate 
of motion of your hand, until you determine that rate which will produce 
the least objectionable sawteeth. 


9. An improvement or elaboration of this signal system (which makes it 
] w 1 ] 1 
look more like familiar devices) now takes the form of a light between the 


red and green, which flashes while the temper ture surri uunding the bulb 
is 200°F.+1°. Green flashes at and below 199, 1 it and above 201. Now 
you | the choice of several modes of control 

Ops wide the valve when the green light flashes; shut it dead when 
the re Licht flashes; and when the white light flashes you do nothing 


you just wait for the other light, which is bound to ippear sooner or later. 
See (a) 
b) Open wide the valve when the green light flashes; shut it dead when 
the red light flashes; and—while the white light flashes—you hold the 
lever at one definite intermediate point, which may or may not be correct. 
c) Normally—that is, on white—you hold at one mid-position; when 
red flashes you quickly shut down all the way; when green flashes you 
quickly open wide; but when white flashes you slowly travel your hand t 
nid-position and then hold. 
d) The opposite of (c), that is to say when red flashes you slowly move 
from mid-point toward closed; when green flashes you slowly move from 
nid-point toward open; and as soon as white resumes you quickly bring 


the lever to mid point 
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(e) Like 8(b) but you stop on white, wherever your hand happens to be 
A very good mode of control! Far from ideal but it has excellent points 


When red flashes you move lever downward with a definite rate of moti 


In 

ae ine fouls ae ae " 

stopping 1t wherever it 1s aS soon as White Hashes. Very likely the supply 
is now insufficient, so green will flash and you will immediately start 


un ishes 


At this new point the supply will probably be slight 

normal demand, and red will flash sooner or later. The great advantage 
of this mode is that a change in the demand can be met by a change in the 
supply. Instead of obstinately returning to one mid-point on white, you 
try to accommodate the process. 

(f) Like (b) above, but your “mid” point is actually the optimum valve 
opening—the one which a study of the process, the equipment and the 
valve has shown to preserve, under normal conditions, the equilibitum 
between the supply of heat units and their utilization and dissipatiot 
Here we are assuming that the supply of heat is constant and that its 
utilization is likewise constant—which is never absolutely true and which 
is approximated only in processes of long duration in large pieces of equip 
ment. If there were no variables you could quit your job! 


opening, again stopping at a new point as soon as white a 


(g) Similar to (f) but instead of immediately opening wide or closing 
down all the way you move the lever upward or downward at a definite 
rate. When red flashes, for example, you bear down slowly on the lever 
until white shows, when you reverse your motion as you did in (8b) but 
you stop at the optimum point and hold there until either color flashes. 
For many industrial processes this mode of control is practically as good as 
the ideal mode would be. (Here we must repeat that there can be no ideal 
mode, no man-made things so intelligent that it will adapt its behavior to 
any of the infinite combinations of time and quantity requirements, inter 
pret all departures from normality and even forestall them by proper 
anticipatory action—"like stepping on the gas when you see a hill just 
ahead so that just before climbing you'll go a little above 40 but you won't 
run the chance of dropping to 30 as you would if you weren't watching 
the road.’’) 

Did we say several modes? Here are six, and some involve rate of motion, 
which is generally adjustable. Having thus discovered the possibilitie 
of modes of control with signal lights (whicl I] 


h the reader has naturally 
understood to refer to all contact-making and-breaking devices) let us go 
back to the idea of watching a dial-indicating thermometer, which we assume 
to be super-sensitive and free from time lag. You are still working a lever 
operated valve and your hand can travel ten inches up or down —that is 
to say, five inches either way from the exact mid-point which we now 
assume to be the optimum throttling position. The dial thermometer you 
are Watching is graduated from 195 to 205°F. Your nervous system 
perfect so that your reaction period is nil. 

10. When conditions are disturbed so that the One Best temperature 
of 200° is altered, you act not only instantly but proportionately. Your 
mode of control will be somewhat as follows. Suppose that a load of cold 
material is entered into the apparatus, lowering the temperature to 198 
the motion of your hand exactly follows the travel of the pointer, so that 
when the pointer comes to rest at 198° your hand will be two inches uy 
from mid-point—toward open—admitting more steam. As the pointe: 
swing back to 200°, your hand swings back cor respondingly to mid-point 











This mode is somewhat like the action (‘‘action” is right) of the widely 
used bellows type of self-operating temperature controllers, the valve stem 
being connected to the bellows and traveling correspondingly. To some 
extent this is also the mode of control of pilot valve controllers: the opening 
of the pilot valve varies exactly with the temperature. But is there a 
definite opening of the controlled valve for every opening of the pilot valve? 
Is it possible? Is it desirable? Read on... 

11. You discover again—as you did with signal lights,—that there is 
no permanent mid-point—the optimum opening of the valve depending 
on the temperature of the steam, on its quality, on its pressure, on the 
temperature, mass and specific heat of the material, and on many othet 
conditions and relations, so that it.varies. Nevertheless, your hand exactly 
follows the pointer. You cannot continuously vary the optimum opening. 
You can only select, for the opening which corresponds to the 200° posi 
tion of the pointer, one which comes as close as possible to the average 
optimum opening. In other words, if the optimum opening is six inches 
it night when the room temperature is low, and four inches in the early 
afternoon when there is less radiation from your apparatus, you can select 
five inches as the average optimum opening, and call it the correct valve 
opening for the process. In many cases this works satisfactorily. 

12. You can conveniently adjust the correct opening as a result of you 
experience, and in fact, when you are “starting from cold” you deliberately 
disconnect yourself as an automatic controller: you open the valve wide, 
attend to various other matters, and when the pointer nears 200° you 
put yourself back on the job and set yourself for a five-inch opening. 

13. In practice a by-pass is found useful for this purpose, and also to 
prevent the steam (or oil, gas or other fuel) being entirely shut off by the 
controller. The function of the controller is then to regulate the supply 
of heat within a narrower proportion of the combined supply. One dis 
advantage, however, is that if the by-pass is used for starting from cold and 
is then forgotten, the apparatus may overheat. In the case of a large 
furnace, overheating is often disastrous. 

14. Up to now you have been opening and closing an ideal valve with 
effortless ease. We now give you a more difhcult job—exerting strength 
against steam pressure and friction. To save words, we need not repeat 
the above cases with pilot lights and with following the pointer, but it 
must be mentioned that if the steam pressure varies, while your strength 
remains constant, you will not be able to follow the pointer accurately. 
(Extremely useful as are the bellows controllers, they are open to this 
objection, which is generally inconsequential but sometimes worth con 
sidering. Moreover, in operating ordinary globe valves, it is always 
important to make sure that the likelihood of incomplete closing is not 
objectionable. It should not be where a bellows controller is applicable, 
for the matter is simply disposed of by placing a hand valve on the same 
line, which is usual in practice. As to the pilot valve controllers, if the 
force of the pressure medium is opposed by the steam plus a spring, hourly 
variations in the steam supply affect the relative positions of the pilot 
valve and steam valve, because these springs are seldom adjusted. If on 
the other hand, the pilot valve operates a cylinder arrangement, the case 
is entirely different, and a greater flexibility is obtained, the mode being 
consequently different and requiring separate discussions which will be 
given in case 15, 
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15. An improvement over 9(e): You are able to accommodate not «nly 
the rate of motion but the power required to operate the valve. And you 
are watching a pointer—not a set of lights. As near the ideal mode a 
anyone may desire! (Actual installations capable of this mode run t 
hundreds of dollars but are used on large applications where thousands of 
dollars are soon saved.) 

16. In some of the above modes of control, there was a definite rate of 
supply for every extent of departure of the pointer from the desired tempera 
ture. Having gained a lot of experience, you discover an important prit 
ciple which immediately promotes you from the freshman class to the post 
graduate. It is this: The position of the pointer at any instant is not 
truthful indication of that demand which will most quickly restore not 
mality. When conditions have been upset, the pointer swings away from 
the setting; when the corrective measure is being applied, the pointer is 
swinging back toward the one best temperature. Here we must leave o 
our steam heated application and take for example a normalizing furnace 
75 feet long. It takes a large quantity of heat to maintain, say, 1680 
while the tonnage of sheets is being conveyed through the furnace. The 
moment you stop feeding in the steel, the demand will be reduced to an 
insignificant proportion. The big burners can be turned down to mere 
pilot lights to maintain 1680° temperature of the furnace atmosphere. On 
the other hand, merely changing the gauge of the steel produces a smaller 
change in the demand. Now, even with a constant flow of steel through 
the furnace there will be slight variations of conditions resulting in slight 
temperature fluctuations, to minimize which is the function of a pyrometr 
controller. Assuming you are the pyrometric controller. How will you 
distinguish between large and small changes in demand? Obviously, bi 
the difference in the rate of change of temperature—by the speed of the 
rise or fall. The time element here enters again—but not in the form of 
instrument lag or process lag. You therefore ask for a timing device. We 
offer you a choice of two principal classes: (1) The depressor bar mechanism 
of a millivoltmeter, or (2) the periodic measurement of temperature which 
characterizes the potentiometer. You are now able to govern the extent 
of your corrective action according to the order of the increment or decre 
ment of the temperature in a given time interval. (Note that now the 
instrument plays a more important part in temperature control, but also 
that the importance of the mode of control obtainable with the controlling 
mechanism is still greater.) 


tf 
il 


17. Having learned to recognize both demand and departure, you now 
decide that a valve movement corresponding always and exactly to the 
pointer movement lacks the required “‘intelligence.” You therefore 
establish for yourself a double mode: For any departure you will imme 
diately exert a definite amount of muscular force. If it results in restoring 
the desired temperature, well and good! You return to normal position 
But if it does not, you will exert a greater amount of force. (This is a rough 
explanation of “three-point” electric control.) 

18. An instrument which embodies the time element in a convenient 
way is the recorder. If you are watching a recorder instead of an indicator 
or a set of signal lights you can form a much better estimate of changes 11 
demand and of the consequent extent of the necessary corrective measures 

At this point, we may now assume that the reader’s critical judgment 


has been sufficiently sharpened to appreciate the fine points of modern 
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ve been brought out in 1929 and 1930; that he 


control systems which ha 























will not be bewildered by such terms as “trend, “anticipating,” etc., 
etc ind we may leave off, although there is much more to be said. 
In discussions of various modes of control, certain expressions are often used. Their 
eanings have not yet been defined uniformly by various instrument manufacturers and in 
rious stries, but the wing definitions should prove helpful. 
Orv g**—_F t stopping corrective action soon enough 
Hu Rh i S vt I f a valve due to improper 
for icati 
The controller fights the valve What happens when the swing of the primary element 
s not isted to that of t sat supply valve, or vice versa. Example: pilot valve oper 
t 21 Now ressure exer rce—say 1000 lb.—to close supply valve 
19 llowing f supply v so that at 200° an intermediate 
I say 506 is applied on su valve, BUT wu 500-lb. force on supply valve, 
is S und an erature will drop. Remedy in most cases: adjust 
i the s which opposes the pressure medium coming from the pilot 


5. Locating the Primary Element 

[he location of the primary element is an all-important factor in deter 
mining the efhcacy of automatic temperature control devices. Require 
ments vary with almost every different industrial application, so that 
comprehensive set of rules cannot be drawn up. Nevertheless, a few 
general statements may be made, which apply to the majority of industrial 
installations 

1. The thermal system responds to the temperature of the bulb or thermo 
couple. Therefore, the primary element should be so located that its 
temperature will either be identical with that which it is desired to control 
or exactly so many degrees above or below it. Ina glass tank, for example, 
the thermocouple may be located in the wall and its temperature will, 
therefore, be that of the wall material surrounding the junction—less than 
that of the molten glass—but the conductivity of the two or three inches 
of clay or mullite which separates it from the molten glass being a constant, 
ind the changes of temperature taking place slowly, there is no objection. 

2. Where rapid changes of temperature are possible, the bulb or thermo 
couple should have the least possible amount of protection, and this pro 
tection should have the highest possible conductivity. In the glass tank 
example just cited, the thermocouple temperature lags considerably behind 
that of the melt, but in comparison with the rate of heating or cooling of 
the glass, this lag is almost insignificant. On the other hand, in a very 
small gas-fired furnace where the heat storage capacity is low, the ideal is 
i. bare thermocouple. 

3. With relation to the controlled heating medium or “source,” there 
ire twoextremes: If the primary element is close to it, this source or medium 
will be controlled with minimum lag but regardless of the temperature in 
other parts of the equipment; if it is at the point where changes in the 
heat supply take longest to show up the process lag will reach its maximum 
value—which may or may not be desirable. In an ordinary household 
refrigerator the controller bulb is generally placed close to the cooling coils 
where the opening of the door has the least effect, because if it were placed 
near the door the current consumption would be unnecessarily excessive. 
In continuous chemical processes where the temperature of a fluid passing 
from one apparatus to the next is the important factor, the outlet of the 
first apparatus 1s the proper location for the bulb. 





July, 193 INSTRUMENTS Page 


4. An actual case: A recording and controlling pyrometer installation 
The charts showed a fairly even line but the operating men complained of 
lack of uniformity in the steel. It was discovered that the thermocouple 
was heavily protected. A recording pyrometer was installed on the same 
furnace, with a bare couple next to the protected couple of the controller. 
This new instrument showed a very poor record—which was the actual 
condition. The protection of the controlling pyrometer bulb was then 
removed and the record was immediately smoothed out and the operating 
men expressed complete satisfaction. 

5. Several pertinent points are brought out in Fig. 108, of which it 
may be asked, “What is wrong with this picture?” It is an example of an 
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installation where even the best made temperature controller could not 
possibly give satisfactory results. Assume that the temperature of the 
cold water is 70°; that the desired temperature of the hot water is 170°; 
that the normal demand is 500 lbs. of hot water per minute; that the maxi 
mum opening of the controlled valve admits 300 lbs. of saturated steam per 
minute (initial temperature 255°F.); that with normal demand it takes 
five minutes for the water to travel from the inlet to the outlet; that when 
the demand falls down to zero the temperature of the hot water in the outlet 
line starts dropping at the rate of 10° per minute so that after five minutes 
it is only 135°; and that the temperature controller is of the bellows type, 
set at 170°, with a working range and various adjustments which cause it 
to close the supply valve at 175° and open it wide at 165° bulb temperature. 
The reader will find it interesting to work out what the chart of the two 
pen recording thermometer will look like when the demand is 500 lbs. of 
hot water per minute, when it is 250 lbs., and when it is 50 lbs. A hint: 
When the demand is nil, the temperature in the hot water line will in time 
drop down all the way to 70° or room temperature while steam will be 
generated in the right hand end of the heater. 


6. Classes and Types of Elements 

Owing to the great variety of hook-ups, as mentioned above, only the 
most important or interesting can be considered. There are no sharply 
defined recognized classes and types. Manufacturers designate their 
products as they please. We find the designation “power element” applied 
to a primary element which merely actuates a relay. We also find the word 
thermostat applied not only to self-contained devices but to elaborate 
and almost fully-adjustable systems deserving of a better name. We find 
valve-operating mechanisms called “‘controllers” and “regulators” although 
they embody neither primary element nor relay. Even the expressions 
“direct-acting” and “‘reverse-acting” are used 1n exactly opposite senses by 
different manufacturers of almost identical products. In the face of such a 
situation the author, while refraining from starting a movement for uniform 
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TYPICAL INDUSTRIAL SELF-OPERATING TEMPERATURE CONTROLLERS 
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nomenclature, is forced for descriptive purposes to lay down certait 
definitions. 

Primary Element—The part which is exposed to the temperature which 
it is desired to control. 

Primary System or Thermal System—The primary element itself when 
it actuates a valve or relay, or the portion of a temperature control outfit 
which starts at the primary element and ends at the relay or at the supply 
valve itself when there is no relay. 

Relay—A means whereby a feeble expenditure of power may govert 
the employment of a greater power. 

Relay System—Self-explanatory. 

Power System—That which operates the final element of a temperatur 
control system. It embodies (or consists of) the energized device 

Final Element—The supply valve, damper, etc. Note that wher 
temperature is controlled by regulating the: flow of the heated liquid, and 
on other applications as well, it is not the supply valve which is ultimately 
operated by the temperature control system, but the flow-controlling valve 
or the damper. On an ordinary house-heating furnace or on an open 
hearth furnace the source of heat is not controlled by the temperature 
controller, but only the draft. 


(a) Thermal Systems 

These may be tabulated as follows. The table covers only the broadest 
classification. For characteristics of thermal systems refer to Table |, 
page 161. Another purpose of this table is to refer the reader to illustra 
tions of either thermal systems or contact, relay and pilot devices used in 
conjunction therewith. Note that where no figure number appears, it 
mearis that the combination is either impracticable or simply unusual! 











No Retay CLASSES OF RELAYS 
Compressed Steam, 
CLASSES OF PRIMARY OR “‘Self- air up to gas Ol 
THERMAL SYSTEMS operating” 50 lb. or other Electrical 
low-pressure | controlled 
hydraulic medium 
Fig g I I 
1. Mercury-in-glass. . 112 
2. Pressure-spring: 
Combined bulb form | 103 ; : 113 
Distant bulb form 102, 109, 110} 104, 123, 124,} 114 } 115 
: ; | 125, 127 
3. Solid expansion: | 
Rigid stem form 101 | 126, 128 mp 116 
EAT, eee Pe eee 6 nacelle jf aue 
4. Resistance —_| | | 105, 106, 107, 
5. Thermoelectric } . ae | | : . 129 to 136 
6. Radiation ) | pirate 





1. Mercury-in-Glass—A common thermometer may be made to signal 
or to actuate a relay by fusing two platinum wires in the capillary. With 
the ordinary “non-adjustable” thermometer, the temperature setting can 
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not be modified. Nevertheless, we know of at least one such device which 
is adjustable even though the wires are fused immovably. The adjustment 
consists in drawing off any desired length of mercury thread from the 
capillary to a reservoir which is connected thereto—an operation which 
naturally requires some practice in order to obtain the desired setting. 
This class of mercurial thermometer is known as the Beckmann thermometer 
and was not mentioned under mercurial thermometers in part 2 of this 
chapter because the Beckmann thermometer is a laboratory instrument. 
Fig. 112 shows the appearance of an industrial type of Beckmann ther 
mometer adapted for automatic temperature control. 


2. Pressure-Spring—The characteristics have been gone into very 
thoroughly in part 1. See page 161 and also pages 168 to 176—especially 
the table on page 172.* The only additional comment needed in con- 
nection with temperature controllers is that while the bulbs and con- 
necting tubes may be identical with those used in connection with dial- 
indicating and recording thermometers, the pressure-springs may be given 
different forms. A common form is a bellows in the self-operating control- 
lers; another is the capsule or box diaphragm for actuating a relay. In 
practice it is found necessary to make the bulbs larger when the tube 
system ends in a power bellows. A bellows shaped bulb, filled with 
suitable liquid, may itself actuate a relay. Such is the principle employed 
in the device shown in Fig. 113. For that matter, the simplest “temper- 
ature controller” employing this principle is a radiator trap or air ther- 
mostat with a bellows which directly operates a valve. 

‘INSTRUMENTS, March, 1930. 
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3. Solid Expansion—Both the bimetallic and the metal-and-refractory 
classes of primary elements are widely used for automatic temperature 
control. For indicating and recording instruments solid expansion ele 
ments cainot be utilized satisfactorily above 1000°F., but for automatic 
control where only one temperature is of importance they can be used 
above red heat, and manufacturers’ catalogs actually give 2000°F as the 
upper limit for the rigid stem type. The “rod thermostat” has a long 
rigid stem which develops enough power to actuate a supply valve. When 
the thermal system merely actuates a relay, the stem may be made smaller 
and instead of a rigid stem, a bimetallic spring may serve the same purpose 

4. Electric Resistance—Nothing to add to the previous discussions of 
this class of primary systems under indicating and recording thermometer 
In temperature control, it ends up in a millivoltmeter or potentiometer 
and either of these instruments is modified for the purpose of effecting 
control, without affecting the thermal system. 

5. Thermoelectric—Same remarks. 

6. Radiation—Same remarks. 

See below for descriptions of controlling millivoltmeters and potentio 
meters. 


(b) Relays 

The design of the relay is one of the factors which determines the mode 
of control of a temperature control system. Until 1928 this whole subject 
could have been summed up in the following general statement: Fluid 
relays give throttling action; electric relays give on-and-off action. We even 
find similar statements made in articles in industrial papers, and in paper 
read before engineering bodies, in 1929 and 1930. Developments which 
began soon after the war and which reached commercial forms in recent 
years have entirely changed this situation. The progress may be summed up 
in the one word, adjustability. 

Inasmuch as the action of the relays must be considered in relation to 
the performance characteristics of the power systems which begin with 
such relays, mere descriptions of pilot valves, electric contacts, etc., would 
be of small service to the reader who is naturally more interested in what 
these devices can do than in how they are constructed. Nevertheless, the 
construction of various relays is shown in some of the illustrations, and the 
following discussion goes into some details. 

1. Pneumatic—Compressed air has been used with remarkable succe 
for more than a quarter of a century. Its overwhelming advantage | 
flexibility. There are three distinct relay principles whereby compressed 
air may beemployed. (a) The “flap” or controlled leak principle, whereby 
vent 1s introduced in the air line between the air supply and a diaphragn 
Thus, if the vent is closed, the full force of the compressed air acts on the 
diaphragm; if the vent is wide open, the pressure on the diaphragm 
negligible; and when the flap is in an intermediate position, the pressure 
is such as to give throttling action. The diaphragm may actuate a second 
relay, or operate a supply valve. (b) A vented pilot valve placed in the 
air line. When this valve is open, the entire air supply acts on the dia 
phragm; when it is closed, the supply is intercepted and then the diaphragm 
vents to atmosphere; in an intermediate position, part of the supply 1: 
vented and part acts on the diaphragm. The diaphragm is usually a powet 
device operating the supply valve. The proper employment of this prin 
ciple requires that the vented pilot valve be fully adjustable. (c) A pilot 
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controlling pressure above and below a diaphragm or piston. The feature 
of the application of this principle is that the supply is diverted into two 
controlled air lines so that the power may be exerted in one direction or 
the opposite direction, thus obviating the necessity for springs opposing 
the pressure on one side of a diaphragm. With proper design, construction, 
ind above all with proper adjustment, the mode of control obtainable 
approaches perfection 

2. Hydraulic—Somewhat similar to pneumatic but characterized by less 
flexibility——water being incompressib le. It must also be added that there 

great distinction between the use of city water and of hydraulic pres 
sures which may run above 1000 Ibs. per square inch. With a supply of 
city water, temperature controllers embodying an air relay valve may be 
used, provided only that they are designed for such alternative purposes. 
High hydraulic pressure may be used in secondary relay systems, the pri 
mary relay system merely actuating a second pilot device whereby the 
high pressure is utilized to perform operations beyond the power of com 
pressed air or city water. Seldom used on ordinary temperature control 
applications. Cost of installation is much greater than those with single 
uir relays. Advantage is exactness of control. Successfully used on large 
ind important applications. 
3. Steam, Gas, etc.—Some temperature controllers are designed with 
pilot valves utilizing the pressure of the controlled medium in order to 
obviate the necessity for auxiliary power such as compressed air, w2tet 
or electricity. For the control of steam supply, steam operated controllers 
such as shown in Fig. 114, may be used. For the control of gas or oil 
burners, the primary element may actuate a relay in the form of a pilot 
valve through which the gas, air, oil, etc., is governed on its way to a 
diaphragm. 

4. Electric—These may be divided into two broad classes: Open con 
tacts and sealed mercury switches. All electric relays are on-and-off in 
their initial action, but remember that this is only the start of the electric 
power system. Numerous newly-developed electric power systems produce 
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modes of control equivalent in their flexibility to pneumatic operated 
devices. Details below under various pyrometric controllers. Recent 
developments in electrical engineering are now being utilized in tempera 
ture control applications. 
(c) Energized Devices 

This heading covers the elements that perform the actual work of 
operating (not “‘actuating’’) the supply valves or other final elements. 
They may also be called valve-operating mechanisms. Some have specific 
names such as “diaphragm-motors.’ Some are called ‘eeeeedlons” by 
their manufacturers, no doubt following electrical engineering practice, 
but this is somewhat confusing. “Motors” would be a correctly descriptive 
name but some of these devices consist of electric motors together with 
gear trains, etc. “Power devices” has been suggested in view of the fact 
that such devices imply the application of auxiliary power. “Operating 
devices’’ may also do but for the fact that as parts of control systems they 
are operated devices. At any rate all these energized devices deserve 
consideration instead of being taken for granted as they often are. 

In self-operating controllers there is no separate energized device—the 
thermal system, whatever its class or type, operates the supply valve. 
Therefore, since energized devices are used only in connection with aux 
iliary power they can logically be classified according to the form of such 
power. Thus with pneumatic power we have the familiar diaphragm 
motor; with hydraulic power we have cylinder-and-piston devices; with 
electric power we have two principal types according to whether solenoids 
or common motors are used. As in the case of relays, descriptions of 
energized devices by themselves without regard to what precedes them, 
would be getting away too far from the purpose of a handbook on instru 
ments. Nevertheless, some modern developments in these devices are 
described in detail below as part of the discussions of various standardized 
industrial temperature control systems, and in a special section at the end 
of this chapter.* 

(d) Valves, Dampers,etc. 

Here again, we are getting so far away from the main subject of instru 
ments that it is necessary to refer the reader to mechanical engineering 
handbooks, valve manufacturers’ catalogs, etc. Nevertheless, the import 
ance of proper valve selection (which often may be the first step in the 
choice of a temperature control system) has dictated the inclusion of several 
illustrations of special valves designed for use with control instruments 


*This section will apy 


ppear in the next issue of INSTRUMENTS 
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7. Typical Industrial Temperature Controllers 

In practice the engineer can seldom separately select the one best class; 
type and make of each of the several elements of a temperature control 
system. He is more or less forced to “take what he can get.’ Fortunately, 
many years of experience by numerous manufacturers have resulted in 
more or less standardized satisfactory combinations of elements. An air 
operated controller, for example, is now understood to mean an outfit 
comprising a pressure-spring thermal system, a pilot air valve enclosed in a 
handsome panel-board type case with setting dial, and a diaphragm-motor 
factory-assembled to the supply valve—the entire outfit being furnished 
by one manufacturer complete, including even air filters, air strainers, air 
supply gage, controlled air gage and other appurtenances. The same 
manufacturer can also furnish an air compressor of the proper capacity and 
with belt-, steam- or any motor-drive desired. In the following pages, 
therefore, we shall recognize the actual conditions which govern the actual 
selection of control systems, and describe several “temperature con 
trollers” ranging from the simplest self-contained self-operating non 
indicating devices to some of the most elaborate—ranging also from well 
known devices that have been on the market for a number of years to new 
industrial developments which are here described for the first time. 


(a) Self-Operating Controllers 

These may be self-contained, as is the one shown in Fig. 101, or with 
flexible armored connecting tube between bulb and bellows, as in Figs. 
109 and 110. We use the term “bellows” which is the usual form of the 
element which acts on the valve stem and of which the Sylphon is the 
most famous example; but the actuating element may be a piston, as 
shown in the illustration of the Sarco. Self-operating controllers are all 
non-indicating—meaning that the temperature is not indicated; but 
several forms are made up with a scale showing the extent of the bellows 
expansion, which primarily serves as a tell-tale of the valve operation, and 
may also serve as a rough “thermometer.” All are made adjustable for 
temperature setting, but some are much more easy to set than others. 
Some have setting dials, most of which simply read “warmer” and “colder.” 
Some dials are calibrated in degrees of temperature but the variability of 
the force which opposes the expansion precludes a degree of accuracy any 
where near that of a plain indicating instrument. As a rule the parts are 
neither separable nor interchangeable, except, of course, for the valve parts; 
but a striking exception is furnished by one model of the Sylphon control- 
lers which embodies a removable transmitting system consisting of two 
Sylphon bellows joined by a flexible tube. This model thus consists of 
three easily separable parts. Self-operating controllers are simple, inex- 
pensive, easily installed and satisfactorily serviceable when called upon 
to do a job within their power. This power is naturally limited, and in 
many cases fails to close the valve completely against the steam pressure, 
thus allowing a small leakage of steam. Moreover, since the bellows 
operates directly against the valve stem it follows that the movement of 
the valve stem is proportional to the temperature change at the bulb. For 
example, a twenty-degree temperature change might be necessary before 
the valve would move from open to shut. Self-operating controllers are 
never made up with large valves or even with mediumvsized valves operating 
against high steam pressures. (For valve size limits please refer to manu 
facturers’ catalogs.) 
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(b) Thermostats, Contactors and Electric Contact Controllers 

Knowing the hopelessness of standardizing the nomenclature of these 
devices and instruments, the author will merely describe some of them. 

Some devices called thermostats are as described under the previous 
heading, and regardless of their designation, are in fact self-operating con 
trollers. The application seems to make some difference. For example in 
a house, a pressure element responding to room temperature and operating 
the damper in the basement is called a thermostat. The form also makes a 
difference: The thermal system may for example actuate electric contacts 
through which a feeble current passes, this current in turn actuating relays 
which operate a valve or damper. In its simple forms such an instrument 
is a contactor. Now take the same principle but glorify it, so to speak, 
by making the instrument indicating and adjustable, and make it look like 
an instrument, and we now have what must be called an electric contact 
type automatic temperature controller. Such instruments are illustrated 
in Figs. 115 and 116. The principle may be the same as that of the cheapest 
thermostat or contactor, but the accurate indication of temperature, the 
convenience of setting both high and low contacts and the exactness of 
such setting which may be obtained, place these instruments in an entirely 
different class. The mode of control is on-and-off, the same as in the 
cheaper devices, but results are incomparably better. And when a floating 
type of motor-driven valve-operating device is used, the on-and-off impulses 
of the instrument are transformed to a flexible mode. 

A wide variety of control devices produce a snap action in the primary 
element, whereby a switch is opened and closed. In probably the majority 
of such devices the familiar Mercoid switch is used. Here again the form 
of the device, its workmanship, the ease of setting and adjustments, etc., 
determine whether it is an ordinary thermostat or an industrial automatic 
temperature controller. 


(c) Throttling Controllers 

This heading is purposely adopted to distinguish controllers embodying 
fluid relay systems, pneumatic or hydraulic. The great majority are the 
familiar air-operated controllers—up to very recently the most highly 
perfected of all temperature control instruments. (And the challenge of 
the last twelve months’ developments in pyrometric control is being met 
by a corresponding modernization of air-operated controllers. Only the 
most highly perfected of the electrical systems can equal the throttling 
mode of control obtainable with properly adjusted industrial pneumatic 
and hydraulic relays and valve-operating devices.) The word throttling 
conveys the idea and it applies to two distinct elements of the outfit: the 
controller and the controlled valve. The usual forms of throttling con 
trollers have only one significant limitation: For every degree of tempera’ 
ture at the bulb, there is a definite opening of the pilot valve, and this 
relation is not changed automatically with changes in B. t. u. demand, but 
can only be changed manually. This imperfection of mode is not objection 
able on the majority of industrial applications: on any adequately insulated 
equipment which has an adequate heat capacity, with a fairly steady steam 
or fuel-mixture pressure, the desired temperature may be maintained very 
closely. We know of an application where it is maintained within one 
tenth of one percent of the controller range: the chart of the recording 
thermometer shows a line so smooth that deviations cannot be seen with 
the naked eye. The recorder is separate from the air-operated controller 
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Characteristics of Combinations 











| When Temperature or Pressure | | 
Type of | r= Forms of | 
Application Controller DMV | DMV's Size Limit 
| Rises Above Falls Below 
| Setting Point Setting Point | 
Direct Direct | DMV Closes DMV Opens Single and 
Acting Acting Throttling Action | Throttling Action Double Seated 12° 
Heating Reverse Reverse DMV Closes DMV Opens Single and 
(or Pressure Acting Acting | Throttling Action*| Throttling Action*| Double Seated | 12° 
Reduction | i 
Reverse With Reverse | DMV Closes DMV Opens Double Seated | 
Acting Acting Top Throttling Action| Throttling Action Only 4’ 
Reverse Direct DMV Opens | DMV Closes Single and | 
| Acting Acting Throttling Action | Throttling Action Double Seated 12° | 
Cooling 
or Excess Direct Reverse DMV Opens DMV Closes Single and 
Pressure Acting Acting Throttling Action*) Throttling Action*| Double Seated al 
| Relief 
} Direct With Reverse DMV Opens DMV Closes Double Seated 
Acting Acting Top Throttling Action | Throttling Action Only 4" | 
| 





*) Except single-seated reverse-ecting es over 2” which wil nrotth 
By double-seated valve is meant a balanced valve. By single-seated valve is 
valves are available but of special construcuon. 


meant a globe valve type not balanced or not gate type. Single-seated balanced 


} 


bie 


Fig. 124. Action of types of pilot air valves and of diaphragm-motor valves and the six possibilities obtaina 
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ind its bulb is protected only by a fairly thin-walled Monel metal well, 
that a fictitiously smooth record is out of the question. 


In connection with the use of the well-known forms of throttling cor 
trollers (the air-operated instruments) several points deserve to be stressed 
First of all, the greatest help to the attainment of the best possible mod 
of control is the little pressure gage on the controlled air line which rur 
from the instrument to the diaphragm-motor valve. Watch this g 
together with the indicating thermometer (which may be a separate instru 
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just how the controller throttles. Watch it in connection with the acti 


of the diaphragm-motor valve, and you will know just how the val 
throttles. 


In specifying an air-operated control outfit, it is we ermine 
should happen in the event of air failure. Should the diaphragm-mot 
] 
, 


os 
\ ilve open wide or close tight 


t \ — 


Either effect 1s possible anc 


1 1 
two should be selec ted. 


This brings up the matter of direct and reverse action. (a) The contri 
ler may either increase or decrease the flow of air to the diaphragm-motor 
when the temperature rises. (b) The controlled valve may either ope: 


wider or close more when the air pressure to its diaphragm top increase 
Moreover, the air may be introduced either above or below a diaphrag: 
which operates a direct-acting controlled valve. 

Thus with two types of air valves and three types of diaphragm-mot 
valves, six combinations are possible. See Fig. 124. 

The controlling instrument itself may be non-indicating, indicating, 
recording, as well as controlling. The non-indicating form may or may 
have a setting dial calibrated in degrees of temperature. 

One controlling instrument embodying one thermal system (bulb, tu 
ind spring) can embody not one but two pilot valves. This type, tl 
duplex, has three important applications in process work 


t 
a) For control of two sources of heat supply (with excess diverte When ther 
more exhaust’ steam available than needed, the excess amount of 
one diaphragm-motor valve (to a feed 1 itn S 





times the DMV on the steam line remair WI 


exhaust steam to keep up the temperature desired, the 
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steam is diverted and a second DMV opens sufficiently to admit the additional amount of 
live steam required to meet the de ficleines, 

(b) For control of two sources of heat supply (with excess throttled)—When there is 
more exhaust steam available than needed a large DMV on the exhaust steam supply line 
idmits only the required amount to the apparatus, and at such times a smaller DMV on 
the live steam line remains closed; when, however, there is not enough exhaust steam t 
“ep up the temperature desired the large DMV is wide open so that all the exhaust is 
itilized, and the small DMV opens sufficiently to admit the additional amount of live steam 
required to meet the deficiency 


Ke 


j 


im-—-Of interest in chemists 


c) For control of both a source of heat and a cooling me 
yncerned with exothermic processes. When the temperature is initially brought up the 
DMV on the heating medium line is wide open until the desired temperature is reac ned 1, 
ifter which this valve throttles to meet the steam demands until sufficient auto-generati 
f heat causes this valve to close dead shut; the other DMV (on the cooling medium line 
then admits cooling water and throttles the suf oply as needed ti ) keey » the temperature at the 
lesire d point until such auto-generation may require no more counteraction, after which it 
loses dead shut, and the first DMV again takes care of the steam supply 


Conversely, one diaphragm-motor valve may be operated by two com’ 
pressed-air lines. Usual case: one air line from a temperature controller’ 
throttling the valve; the second from a timing control or a safety device, 
snapping it shut at a pre-determined time or in an emergency. 


Engineers being familiar with the principle of fluid-relay controllers, construction details 

the most widely used makes need not be dwelt upon beyond the various illustrations 
xccompanying this text. One recently developed system however, will now be briefly de 
scribed separately. It is selected for this purpose because, although its manufacturer is not 
in instrument company, its combination of massive construction with sensitivity affords ar 
nteresting example of what is being achieved in the way of temperature control equipment 
providing adjust tb le mode: 

In the system of temperature control manufactured by the Hagan Corporation, pneumatic, 
yr a combination of pneumatic and hydraulic equipment is used throughout. The primary 
element is mechanical. The relay is pneumatic, and the power device may be either pneu- 
matic or hydraulic. It is possible to secure incremental reciprocating motion of the cross 
he ad of the power cylinder which regulates the flow of the medium being controlled. This 


means that, depending on the adjustment of the various devices in the chain, it is possible 
1 


to obtain at the end of the chain, i. e., the regulating valve, a small or large movement of the 
valve orifice, together with a self-adjusting normal valve opening 

A diagram of the system is shown in Fig. 128. It starts with a bimetallic primary element 
A whose motion is transmitted through linkage in head B to escapement valve C upon which 
is impressed a constant pressure of compressed air at inlet D As valve C is actuated, it 
either exhausts air at F from the system or admits more at E to increase the pressure in con 
trolled air line G. Thus valve C holds back air, lets it pass or lets it escape in exactly the 
same manner as the pilot air valve described under Fig. 123. It is called the escapement valve 
because the real pilot valve of the power device is further along in the system. Moreover 
its travel is adjustable in that a given temperature change at sensitive element A may alter 
the pressure in line G throughout the full range from zero to maximum or it may alter it 
over only a portion of this pressure range. 

The power device, operating the heating medium supply valve, is termed a pressure 
Impulse Receiving Regulator. It receives the pressure impulse at metal bellows H. The 
expansion of this bellows is opposed by a spring J, the compression of which is adjustable 
The range of impulse pressure required to expand the bellows from zero to its full working 
length is usually about 25 lbs. per sq. in. The bellows assumes a definite expansion for every 
pressure to which it is subjected. For every intermediate temperature deviation between 
zero and adjustable maximum departure there is, therefore, a correspondin 
bellows expansion. 

Movements of bellows H are transmitted through link K to pilot valve stem L, admitting 
motive power fluid, air, oil or water supply to either side of the piston within the power 
cylinder. Flexibility in the power device is obtained through adjustable compensating bat 
M pivoted (in one form as shown in diagram) near its mid point to traveling side bar at O 
The angularity of compensating bar M is thus adjustable by motion at its upper end by 
thumbscrew §. Sliding in guides at T is a link which reverses the motion of the pilot valve 
tem given in by bellows H. This affords the degree of — nsation desired of the power 
cylinder crosshead. It is possible by having compensator bar M parallel to the side rods to 
eliminate compensation entirely, and for a slight movement of bellows H or link K to cause 
regulator crosshead to take a full stroke. By adjustment, the crosshead can be made to 





adjustable 
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take a full stroke for maximum working stroke of bellows H, or if desired, a full stroke of 
bellows H can cause regulator crosshead to make only a partial stroke. Thus complete 
adjustment is secured and incremental movement is always obtained. 


A “Roto Reciprocating’ valve is designed for use with this receiving regulator. The 
lever of this valve has the same stroke as the regulator so that it may take advantage of all 
positive movements of the latter, which may compare to relatively small temperature changes 
and yet have the valve orifice opening altered only a proportionally small amount. The roto 
reciprocating valve is also adjustable. Its minimum opening may be made zero or otherwise, 
and then its maximum opening may be adjusted without interfering with the minimum 
The minimum may be adjusted without altering the maximum 


The entire system is thus purely mechanical. It is designed for temperature control 
ipplications up to a maximum of about 2000°F, where positive incremental action is desired 


(d) Controlling Millivoltmeters 

Different models of indicating and recording millivoltmeters have been 
illustrated in parts 3 and 4 of this chapter. With reference to control 
they all afford the same starting point—a pointer which deflects with 
practically no mechanical power and therefore cannot do any mechanical 
work. From this same starting point several industrial controllers take 
their initial impulse and relay it to valve-operating devices which range 
from solenoids and fractional horse-power motors to large reversible-motor 
and two-motor machines. The control mechanism proper generally starts 
with a means for periodically immobilizing the pointer. In the case of 
recording millivoltmeters this usually is the depression mechanism which 
presses down the pointer to make the mark on the chart. In the case of an 
indicator a separate mechanism, electrically driven, is provided for this 
purpose. Thus, with the pointer momentarily clamped, contacts can be 
made without the possibility of impairing the accuracy of the thermal 
system. The familiar high and low contact arrangements which were 
brought out before the World War still survive and render even bette 
service because they are used in connection with improved energized 
devices. 

It is precisely because of the recent developments in energized devices that controlling 
millivoltmeters have themselves been developed to send the proper impulses to the motor 
driven valve-operating machines. Several names have been coined to describe the modes 
of control obtainable with such instruments, and to characterize the instruments themselves 
The principal development may be summed up in the self-explanatory designation, “three 
point’’ controllers. Such controllers can give any combination of three operations to cover 
the entire range of applications which cannot be handled by a straight on and off controller 


This mode of control is rendered more flexible to give either continuous or intermittent 
operation. The broadest application is to gas furnaces where it is often necessary to maintain 
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Fig. 130. Mechanism of controlling millivoltmeter Brown Instrument ( 
a normai heat at which the furnace may operate during the greater part of its cycle. Thus 


the controls are only required to function at deviations from the predetermined normal 
: f 


onditions giving, in general, much greater uniformity of temperatures and atmospheres in 
the furnace. On iarge installations, such as pulverizer mills, etc., it is also important from 
the purely mechanical point of view, to maintain a uniformity of conditions without a too 
frequent reversal of operation. 

On furnaces having low storage capacity of heat, such as forge furnaces, two positions are 
necessary to control when furnaces change and a third position to close down to a very low 
heat when furnaces empty. Furthermore, on any furnaces where there is a considerable 
variation in load, this mode of control in combination with a “balanced” valve-operating 
motor will automatically adapt the normal position of the valves to take care of complete 
range of load conditions in the furnace. This eliminates the necessity of resetting the valves 
to give proper control even at the same temperature whenevdr the size of the charge in the 
furnace is changed 

In electric furnace control there are definite applications for three-position controllers 
For example, a furnace with two windings can be separately controlled in the same manner 
as outlined for gas furnaces. The same result, however, can be accomplished with a single 
winding by the application of a time controlling device which controls the power input by 
interrupting the current at regulat intervals. 


Fig. 130 shows the construction of a representative controlling milli 
voltmeter, the illustration being selected because of its educational value. 
The maker has contributed the following description of his “trend analyzing 
instrument, written with special reference to our discussion (pages 431 to 
440) on “Modes of Control.” 

In the Brown Trend-Analyzing Control Instrument, the slightest motion of the pointer 
causes the actuation of control contacts without lost motion. The term “follow-up” is used 
to describe the action of the selector table as it follows the pointer, and any correction in the 
valve position accompanied by a movement of the selector table toward the pointer is called 
a “follow-up” correction. By causing the table to follow the pointer, over-correction is 
avoided, because with each correction the selector table moves along the scale until the 
center step of the table is at the position indicated by the pointer on the last depression. 
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orrections tend to oppose any change in temperature. This holds true whether the temper 


ture trend is away from the control setting « 








If changing conditions require that the valve remain in a new positi 
selector table would also remain away from the control setting if some me 
vided to effect an adjustment of the relative positions ol the valve id sele 
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trend-analyzing instrument this “compensating correction” is by th 





lever in either case. The action of the compensating correction does not d 
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two elements in combination form a control « Seiden which recognizes the three factors of (1 


Rate of change, (2) Deviation from the control setting, and (3) Direction o 
A reversible Warren motor rotates a spiral shaft through a chain and 
e the selector table along the sc ale, : llowing the pointer The rate 


hes adjusted by changing the size of the driving sprocket on the motor. T1 





motor is connected in parallel with the motor in the valve mechanism and rut 


with it except when the pointer selects the center or neutral contact 
When this « CCUrs, the motor in the valve mechanism is temporarily dis 
center cont: act completes a circuit to one field of the reversible Warren mot« 
motor then rotates a spira! shaft which causes the selector table to take « 
true control setting 
The trend-analyzing control instrument is designed primarily for use in 
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The Republic Flow Meters Co. has just brought out (July 1930) two 
new controlling pyrometers, of which this is the first public announcement 
One of these will control directly 50 amperes at 220 volts. In other words, 
it will control 10 K. W. without the use of auxiliary equipment. Due to 
the large leads which are necessary for this current, the mercury switch 
and binding posts are placed in a special housing at the bottom of the 
pyrometer, rather than in the instrument case itself. The other new con 
trolling pyrometer deserves more than a mere mention, and it is our privilege 


to present herewith its first published description. 


The principle of operation of the Republic Control Pyrometer, Model 13 


5. 


is as follows 


Assuming that the instrument is controlling the heating of a furnace designed for thr: 


1] 


position control—low, normal and high. Referring to Fig. 131, index 10 is the milliv 


meter pointer which travels across a scale to indicate at all times the temperature of th 


ny 


furnace. A lever 11 pivoted at 12 is vibrated up and down to cause the pointer engagir 
portion 13 on its free end to beat across the path of the pointer. The portion 13 is pr 
vided with steps 14 and 15, a guard 16 and an arm 17. Step portions 14 and 15 are intende 
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to be intercepted by pointer 10, whereby the lever is arrested and the desired regulation ot 


the furnace effected. 


It will be seen from the ensuing description that a mere touch of the lever upon the needk 


is suffcient and for convenience the lever is termed a tact 
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Through a series of reduction gears 19, motor 18 ro‘ates shaft 20 carrying cam 2] 
vided with a suitable dwell 22. Cam 21 is connected to the tactor to oscillate the 


through bell crank 23 pivoted at 24. Arm 25 of the bell crank 

the lever and arm 26 is provided with a pin 27 carrying a roller 2 
periphery of cam 21. The tactor is sufficiently weighted to mait 
with the periphery of the cam and as the cam rotates in the 
rides into and out of the dwell 22 thereby oscillating the tactor act 
As the roller rides into the dwell, it positions a selector arm 29 

















of oscillation of the tactor. The selector is pivoted on shaft provde long 
slot 31 in its free end, the selector being biased toward shaft acts as a stop to limit 
its downward movement. An actuator 32, pivoted on pin 33 y cam 21, is provided 
with a pin 34, one portion of which reciprocates in slot 31 of the selector and the other 
portion of which co-acts with guide 35 pivoted on shaft 36. The guide is provided with 
notches 37, 38, 39 for retaining and guiding pin 34, as this pin is reciprocating by the rotatio 
of cam 21. Pin 34 is designed to actuate contri > ind 42 turning on shaft 36 and 
normally remaining in position against step 43 which also limits downward motion of guide 35 
When the tactor makes a complete oscillation, roller 28 positions selector 29, so that 
pin 34 engages notch 37 in guide 35 and is caused upon upward movements thereof to move 
through the cut-away portion 46 of lever 41 and the levers remain in their lowered positior 
with the circuit closed through the switches 45 and 55 as illustrated by the heavy lines in 
the position marked “low” in Fig. 132. With the switches in this position the control 
apparatus is operated to turn on the heating medium to the furnace, which will begin to heat 
up. The described movements are repeated idly while the furnace is heating up and the 
pointer 10 is consequently swinging from the normal or zero position toward the tacto 
Finally the advancing needle swings directly beneath the tactor, the step 14 engages the 
pointer and further downward movement of the tactor is arrested. Because of the arrest 
of the tactor, roller 28 does not ride all the way into the dwell 22 of the cam, consequently 
| tch 38 of guide 35 whereupon 


selector 29 positions guiding pin 34 to co-operate with notcl 
upward movement of the actuator causes pin 34 to engage detent 
said lever which is latched in elevated position by latch 49 eng 
switch 45 now occupies the position marked “‘normal”’ in Fig. 1 
heating medium to the furnace. The temperature of the furnace has now rea 


or desired temperature and as long as pointer 10 remains in position to intercept s 
al 
ted pr 


nace increase beyon | 
j 
} 


the tactor, pin 34 will engage with notch 38, and since lever 41 is latched in elev 
Rag 


the pin will reciprocate idly. Should the temperature of the furt 
desired, the pointer will swing up scale to engage s 
ward movement of the tactor is thus arrested, roller 28 rides onl 


tep 


the cam and the selector 29 positions pin 34 to engage n 
pin moves up, engages detent 51 of lever 42 and raises this lever 











ledge 52 and maintains the lever up. Mercury switches 45 and 55 now occupy the 
marked “high” in Fig. 132, with the circuit through the dark lines as illustrated 

The heating medium to the furnace is now d hed or cut off and as the furnace 
to cool down, the pointer swings toward zero and soon moves into position to in 
step 14 of the tactor. As before described, when step 14 is intercepted by the pointer 
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ON FACING PAGE—Fig. 134. Controlling potentiometer, with case cut away, to bring mechar 
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n i t 47 ol lever 4] As the guide moves 
m 40, cams arm 57 outwardly, pushing latch element 53 
ge portion 51 said lever moves to its normal 
he position marked “normal,”* where 
the temperature back to normal 

Should the temperature of the furnace continue to decrease, the pointer will move dowr 





ipward, the cam engaging porti 
free from ledge 52 and since pin 34 does not eng { 
position. This again changes the circuit to that of 

’ 


upon the heating of the furnace is controlled to brin 








scale beyond the tactor and the tactor will make a complete oscillation and the parts wil 
’ operated to thé original “low” position, whereupon a greater supply of heat will be 
supplied to the furnace 

Note that while cam 40 of guide 35 operates latching elements 49 and 53 at each reciproca 


1 


tion, the parts are so synchronized that where pin 34 engages the lever, the engagement is 
prior to release of the latch su the latch from the lever so that 
n until there is a change in the temperature of the furnace 


the lever remains in latched 
s so disposed that the tactor exerts very little pressure upon the 





j 

The weight of the tactor 
index and the latter is adapted to be supported, during each depression, by the top of the 
scale plate. Guard 16 prevents accidental movement of the index past the tactor, and arm 17, 
which normally lies below the top of the scale plate, is momentarily raised slightly above 


this top after each depression to free the index from its support to prevent its sticking. 


(e) Controlling Potentiometers 

Refer to indicating and recording potentiometers, parts 3 and 4 of this 
chapter. Little additional mechanism is needed, the balancing mechanism 
providing a good start. There are two industrial instruments of this class, 
the Leeds & Northrup and the Wilson-Maeulen. The former is known in 
some detail to engineers dealing with high temperatures. It is shown in 
Fig. 136 which may be compared with Fig. 91, a sim lar view of the recorder. 
The latter is not a modified recorder but a special instrument. Its outside 
appearance is familiar to engineers, but heretofore a view of its mechanism 
has never been published—which makes Fig. 134 the more interesting. 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for 
additional Information. 














The AC-47 Radio Tube Tester 
(Hickok Electrical Instrument Co.) 


HIS tube tester is designed to give the radio dealers, jobber and service 

man a device which will test tubes in a more efficient and complete 
manner than the ordinary tester, which reads emission only. Inorder to make 
its use as simple as possible, it is designed to operate directly from light socket 
power, and also its indications are independent of line voltage fluctuations 
All standard type tubes may be quickly and accurately measured, and for 
the heater type tubes such as 227, 224, etc., a special preheater can be sup 
plied, which makes the testing of these tubes as rapid as the ordinary fila 


ment type. 





The dynamic mutual conductance of any receiving tube, is in practically 
] «4 
nda i 


all cases, a most important factor of the tube’s successful operation, and 

the plate current and dynamic mutual conductance are normal, the tube i 
absolutely normal in every way, and will give maximum results in radio 
receiver. The mutual conductance is the most important factor of any tube 
with the exception of detector tubes, and if this value is nearly normal or 














Page 464 INSTRUMENTS July, 193 


ibove, the tube will operate successfully even if the plate current is con 
y higher or lower than the correct value. The mutual conductance 
of a radio receiving tube is actually the mutual effect of the grid voltage 


upon plate current, is found by the following formula 
CHANGE IN PLATE CURRENT aia acre we _— 
aa 7. a MUTUAL CONDUCTANCE. 
CHANGE IN GRID VOLTS 
The AC-47 Tube Tester Opel ites on the above formula, and actually 
measures the resultant change in plate current from a change in grid voltage. 
This is done dynamically by applying a.c. to the grid, and reading the re 
sultant a.c. component present in the plate circuit in the form of micromhos. 
lo accurately test any radio tube, a correct d.c. Plate Voltage must be 
impressed upon the plate, together with the correct amount of grid bias 
In the AC-47 Tube Tester, this condition is accurately fulfilled, and in all 
cases, the tube is tested under precisely the same conditions as when used 


in the radio receiving set 


In most counter radio tube checkers, raw a.c. is applied to the plate, 
which is liable to both injure the tube and give erroneous reading, and 
as stated above, it is only when d.c. is used at a proper value, together with 


the proper grid bias, that an intelligent check can be made. 


The operation of testing the tube in the AC-47 Radio Tube Tester is 
ily a setting for the proper filament voltage and 
1 second setting for the proper grid bias. After these settings are made, 
no further adjustments are necessary in testing a number of tubes, except 
a slight adjustment of the line voltage rheostat which is only necessary 


very simple, ind requires O! 


when the line voltage is unstable. A quantity of tubes can be measured 


is rapidly as they can be inserted in the tester and the readings observed. 


On May 30, 1930 P. J. Kipp & Zonen celebrated the centenary of the 


founding of the company. 


The company was started by P. J. Kipp, a chemist, who sold physical 
and chemical apparatus. His name is known the world over for his inven 
tion of the Kipp gas generator. 


After his death the business was carried on by his widow and sons, A. J. 


ind W. A. Kipp as P. J. Kipp & Zonen. 


Later the company was taken over by J. W. Giltay, who changed the 
company s name to P. J. Kipp & Zonen (J. W. Giltay, Successor) in the 
year 1887. 

In the year 1912 Mr. Giltay retired and transferred the business to A. O. 
Ankersmit, who incorporated the firm in 1917 and who still acts as the 


managing director. The name was changed to N. V. Instrumentfabriek 
en Handel v/H P. J. Kipp & Zonen. 
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Type BME Battery Tester 


(Roller-Smith Co.) 


HERE has long been felt the need of an instrument with which the 

condition of dry cells could be ascertained quickly in order that dead 
or nearly dead cells could be eliminated from groups. Also in the selection 
of cells from a stock it is important to be able to quickly spot any that are 
not in good condition. Even unused cells in stock do deteriorate and the 
need of a check, before selling them to the user or putting them in service, 
is well understood. 


The Type BME Cell Tester is an instrument offered to meet the special 
requirements of this field. It does not show voltage or the current in am 
peres flowing when applied to a cell, but gives, instead, a reading which 
shows the relative condition of 
the cell at the time. 





As is generally known there 
are two common methods used in 
checking up dry cells, neither of 
which is satisfactory. They are 
(1) The voltage check with 
voltmeter. 


(2) The current check with an 
ammetel! 


A voltage check does not 
reveal the true condition of a cell 
since the voltage will remain up 
nearly at its maximum during 
period when practically no cur 
Say 


, , 
rent can be delivered. 














The ammeter test, while help 
ful, short circuits the battery 
and every test made, therefore, shortens the life of the cell tremendously 
Both of these tests have also the added disadvantage that the user must 
have some knowledge of cell characteristics. Otherwise the readings are 
more misleading than helpful. The Type BME Tester does not make a 
dead short circuit on a cell, as in the case of an ammeter which allows 3 
amperes or more to flow, but draws only 6 amperes from a new No. 6 cel 


\) 
| 

The BME Tester has been designed to make possible the rapid testing 
of cells without the need of any special knowledge on the part of the uset 

The instrument is built without polarity so that no time need be lost 
in reversing connections as in the case with the majority of battery instru 
ments in use. 

The terminals are spaced so as to fit directly over the terminals of a No 
6 standard cell. 

The BME Tester is read by looking directly down upon the top of it, 
the natural way to read an instrument applied to the top of a No. 6 dry cell 

There are no loose parts. Nothing in the instrument can become demag 
netized and with ordinary care the instrument should last indefinitely. 
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New Well Type Manometer Checks 
Up Combustion Mixtures 


(Meriam Company) 








NOVEL type of flow meter 

manufactured for measuring 
the mixture of liquid or gaseous fuel 
used in furnaces for annealing, heat 
treating, heating, chemical and pro 
cess operating, etc. In practically 
all such cases, very accurate mixture 
must be maintained if production 
results and economy are to be main 
tained. 

The new instrument, which has 
hitherto been mainly used in the 
metal-working industries but which 
is of course adaptable tomany others, 
is made up of a series of compact 
manometer units. This makes it 
particulatly adaptable tolarge groups 
of furnaces and, being simple and 
rugged, it is not liable to failure ot 
inaccuracy. 

The principles of operation shown 
in the accompanying diagram. This 
illustration shows a single manom- 
eter unit for measuring the flow of 
both gas and air to one furnace ot 
group. 

The two U-tubes are connected 
toa single reservoir or “well,” which 
is large in volume compared with the 
U-tubes, although 
small in actual cu 
bicalcontent. The 
well is partly filled 
with suitable 

liquid, and the free @ 
ends of the U-tubes are connected to pipes tapped off the 
supply lines of air and of gas respectively. It is evident 
that although both U-tubes are connected to the same 
well, their liquid levels will vary independently accord 
ing to the pressure of the fluid in the supply lines. Units 
such as described may be assembled compactly in any de 
sired number, and their operation is independent of the 
distance from the supply line flow to be measured. 

Strictly speaking, the instrument indicates pressure 
only. However, it can be made to read quantity of flow 
directly by inserting in each supply line a suitable orifice 
disc of known dimensions, and having the manometer 
unit calibrated accordingly. 
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Calculating Attachment For Textile 


Tensile Testing Machine 
(Henry L. Scott Co.) 


HIS attachment comprises a weight adjustable on the balance arm of a 

tensile testing machine, making possible a direct reading on the dial in 
accordance with correction factors of any predetermined table. On the 
balance arm is a scale. The long line in the middle indicates the point at 
which the weight is set to register actual pounds pull on the specimen. 

It is well known 
that the strength 
of textiles is 
changed by the 
absorption of 
moisture from the 
atmosphere. Var1 
ous formulas for 
correction are used 
as accepted prac 


tice and in some 


1 
l 
] 
I 


cases are specified. 
When tests are 
made on a mach 
ine which does 
not have this cal 
culating attach 
ment, the results 
A are in terms of 
pounds pull on the 
specimen. It 1s 
then necessary to 
compute these 
results to deter 
mine strength at 
normal regain. 

In the case of 
cotton yarn, 1t 1s 
generally accepted 
that for each 1% 
gain in moisture 
there is a gain of 

6% in strength, in the ranges of zero to 11% or 12% regain, which em 
braces the range that atmospheric conditions affect the strength of manu 
factured cotton goods. There are many variations of this formula and 
many differences of opinion. 








The calculating attachment provides a ready means for accomplishing 
this result in accordance with any formula for correction of tests, to a basis 
iene’ 
of any standard condition which may be accepted by the parties concerned. 
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Single Strand Yarn Tester 


(Table Model) 
(Henry L. Scott & Co.) 


HIS machine, designed for single yarn testing, is in the form illustrated 

to increase the efhciency of the operator. It eliminates from this tedious 
process the physical exertion necessary in operating the older types of 
apparatus. 

The tester is mounted through a heavily constructed oak table 30’ 
square, in such a way as to permit control while the operator is seated. 
There is a drawer in the table for the convenient holding of calibrating 
weights and other accessories. 

The head of the machine is on the inclination balance principle using 
a sector rather than a single lever or a full wheel type of resistance. This 
is delicately poised on pivot point bearings com 
pletely enclosed, and because of this protection 
insures long life. The machine is rigidly built and 
has a new and novel type of gear box, the clamp 
being carried on the top of a steel rack, and the 
three buttons are under the operator’s hands for 
control—stop, start and reverse. The drive is 
through a 1/30 h.p. motor and on the standard 
machine the pulling speed is 12” per minute, 
although this latter can be arranged on other 
speeds if specified. It is also possible to provide 
two or more speeds in the single machine 










where desired. 

The clamps are of a cam-operated design, 
having flat grips. The upper clamp is counter- 
balanced and the head parts, being of aluminum, 
have considerable less inertia than the ordinary 
construction; consequently, the machine is much 
more accurate on the lower readings. The 
pawls which hold the reading at the break are 
so arranged that there is a minimum of drop 
back, yet they are instantly released. 

The standard machine is built in the double capacity of 0-2, 0-10 pounds. 
The change from one capacity to another is made by adding or removing a 
small auxiliary weight on the lever. The graduations on the 2 pound 
scale are in .02 of a pound and on the 10 pound scale in .10 pound of units. 
The zero point is not affected when the change is made. 

A new arrangement of pointer is incorporated in the design of this ma 
chine, so that the scale which is not in use is covered, and thus eliminates 
any chance of reading the scale that does not correspond to the capacity 
being used. The stretch indicator is arranged to be carried only to the 
point where the break occurs. New construction features are incorporated 
to leave this stretch indicator at the point of stretch at break. This auto 
matically resets with the reverse of the machine. For example—the opera- 
tor inserts a sample, pushes the button at the start of the test, stops the 
machine after the break occurs, takes the reading of stretch and elongation, 
pushes the button, and the machine resets itself instantly for the next test. 
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The Determination of Gas Heat Value 


Dr. Loeffler, Vienna 


HE many instruments, which can be used for this purpose, are divided 


into portable and permanently installed, respectively recording cal 
meters. Under the assumption, that a portable instrument should 
structed in such a way that it can be used without preparation at every 
place where combustible gas ts available, to determine the heat value, Strache 
for the first time used the idea of the ignition of a gas-air mixture and trans 
mittal of the heat released toa thermometer. The calorimeter built on this 
principle is called the “Kaloriskop.” It permits the instantaneous deter 
mination of the heat value of all combustible gases of 900-13,000 cal./m‘, 
with an accuracy of 14%. The simple operation and rugged construction 
have led to the rapid introduction of this reliable instrument for operation 


1} 
* 
i 


e CON 


control. 
ts construction is shown in Fig 


L 





2, its external appearance in Fig. 1. 
In a double walled sphere, the 
space between the two sphere 
being highly evacuated, is placed a 
very thin-walled glass bulb of a met 
cury thermometer. The scale of this 
thermometer is illuminated by plac 
ing a light behind it and the position 


] 
{ 


of the mercury thread easily read 
through a movable reading glass 
A pipette of any size can be clamped 
to the apparatus with a spring. The 
gas can be passed through this 
pipette under its own pressure or by 
means of a leveling battle after first 
passing through a filter. The pipette 
is closed by a capillary, so that the 
gas is protected against diffusion 
for a short time. By means of a level 
sis hl ing battle mounted on a slide the 














gas collected in the pipette is drawn into the explosion-chamber and 
there mixed with air. It is evident that by the proper choice of pipettes 
different mixtures of gas and air are obtained. 

The ignition of the mixture is accomplished with an induction spark, the 
current source is a small dry cell. A control lamp is provided to check if 
the spark has passed. A mercury switch prevents the ignition from taking 
place, when cocks are open, thereby permitting the heat to escape. The 
whole instrument weighs about 4 kg, and is 35 x 24 x 16cm. It does not 
require a water supply, waste outlet, or outside current source and can be 
used at any place, a point which is especially important in practice. 

An important point for the operation of the instrument is that the gas 
air mixture be chosen so that it lies within the explosion limits, especially 
that it lies within the limits of total combustion. If the gas is wholly un 
known, one can easily determine the proper values by using different pi 


pettes. The following relations can be obtained: 1:1; 1:2; 1:3; 1:5; 1:7; 1:9: 
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1:10. It is always possible to obtain similar values with adjacent pipette 
ratios, as all industrial gases have sufficiently wide limits of complete com 
bustion. 
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In order to provide an instrument for the laboratory, which exceeds the 
accuracy limits required in the plant, the micro-gas-calorimeter (see Fig. 3) 
was built. The principle is the same as for the Kaloriskop, the construction 
is different in that in place of water in the leveling battle, mercury is used. 
Further in place of using different pipettes, a water-jacketed burrette per 
mits measuring any volume of gas. The micro-calorimeter also has an ar 
rangement for absorbing COs, so that the instrument can make the follow 
ing determinations with small quantities of gas: 

1. Upper heat value. 

2. Lower heat value from contraction after ignition. 


3. CO, content of gas. 
4. CO, content of burned gases. 
5. The explosion limits of the gas. 


6. The limits of complete combustion. 

The connecting pieces between the individual parts of the apparatus 
consist of fine capillaries and also are completely filled with mercury, so 
that every space which may cause error is avoided. The instrument can 
make 3-4 heat determinations with about 20 cc. 


a 


Wanted — Aeronautical Instrument Designer 
Designer of aeronautical and special research instruments 
with previous experience in the manufacture and testing 
of delicate instruments or clock works and the movements 
of mechanical and electrical measuring devices. 

Goodyear-Zeppelin Corporation, Akron, Ohio 

Address—Mr. Hendershott, 

Manager of Office Employment Department 





INSTRUMENTS Page 4 


Differential Limit Controller 
Applied to 
Metering Widely Varying Flow 


HE satisfactory measurement of widely varying flow has always been 

a troublesome problem, particularly to the Natural Gas Industry. The 
Foxboro Company has perfected a new instrument called a differential 
limit recorder-controller. This controller, when working with the Foxboro 
gas meter in the type of installation shown in Fig. 2, wil! successfully meter 
flow that is varying over so wide a range that even a wide range meter will 
not allow satisfactory readings. 


Once installed, the differential limit controller continually gives a record 
of the gas flow through the line 
, This controller is known as the 
primary meter (See Fig. 1). It 1s 
specified to handle the minimum 
rate of flow with commercial 
accuracy. When the differential 
range 1S exceeded, the control 
functions and automatically opens 
a valve which puts the secondary 
meter in operation. This secondary 
meter 1S a complete Foxboro gas 
flow meter operating in the by 
pass. When the secondary meter 
goes into operation it doubles the 
effective capacity of the set up. 
As soon as the secondary metet 
line is open the differential pres 
sure drops, because of the in 
creased capacity. The valve in 
the secondary meter line is held 
open by the controller until the 
flow is again within the capacity of 
the primary meter. The valve is 
then closed automatically and the 
primary meter again assumes the 
entire load. The operation is entirely automatic from start to finish. 

















Positive and flexible control is obtained by the fact that the points, at 
which the secondary meter is to be cut in and out of the line, can be set at 
will. Positive action and tight closing of the controlled valve are insured 
by having it operated by the gas line pressure or an auxillary air supply of 
15 Ibs. /in’. 


Single meters or wide-range meters or more than one by-pass may be 
installed in various combinations with the new differential limit controller 
to meter all cases of varying flow. With this new development, the trouble 
some problem of correct metering wide range flow has been relegated to 
the past. 
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A New Microscope For Shop 


Inspection Use 
S' IRFACE conditions can readily be inspected with a new shop micr 


cope which has recently been placed on the market by the Bausch & 
Lomb Optical Company. 
The No. 32 Shop Microscope, de 
oo signed for rapid examinations and 
ait measurements of surface characteristics, 
is a small, portable and rugged instru 
ment admirably adapted for the machine 
bench or inspection table. It is als 
particularly well adapted for use by 
salesmen in pointing out minute details 
of construction or perfections in finish 
and such other fine points which can 
not well be seen by the unaided eye. 
A scale in the eyepiece, calibrated 11 
thousandths, which is one-tenth of an 
inch long, enables the operator to 
measure the crack, flaw or other chat 
\cteristic under examination to detet 
mine its quality or adherence to precise 





specifications. With exact measure 
ments of a thousandth of an inch made 
possible, a quarter of a thousandth is 
easily estimated 

The shop microscope magnifies 40 


times ind has i field up to Z a2.” It 1S 
/9 


self-illuminating. The instrument is 7 3/4’ high and weighs only 1 1 


1] | 1 
pounds, It is in black enamel and chromium finish. 
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A Simple Method of Measuring the 
Specific Gravity of Liquids 


J. B. Meriam 


ROM time to time the engineer is faced with the problem of determining 

the specific gravity of a liquid. The problem being one which is 
rule outside the ordinary routine work, it is quite likely that no float hydro 
meter of suitable graduation is available, and the test has to be made with 
whatever apparatus happens to be at hand 

It is not, I believe, generally known that any ordinary U-tube manometer, 
such as is used for determining the flow and pressure of air, gases and liquids, 
may be used for the purpose of showing the specific gravity of liquids and 
such an all-around testing instrument as a manometer is generally available 
air, pour a small quantity of the liquid whose specific gravity 1s to be meas 
ured into one arm of the tube, and the standard liquid with which it is to 

be compared into the other. It is not neces 

TT 1 sary to measure the quantities of each, as the 
relative proportions have no effect on the 
accuracy of the test. Since the specific gravi 
ties of all liquids are based upon that of water 
— ——f as 1.00, it is preferable to use water as the 
S Olt. standard of comparison when practicable. 


The method is as follows: Both ends of the U-tube being open to the 








In accordance with the law of gravity, the 


iLL 
. 
KY 


: Sin ‘ two liquids will of course establish a balance 
sie If therefore the specific gravities were equal, 

1] WATER |E A the liquid levels in the two tube-arms would 
NE also be equal in vertical height. If different 


in specific gravity, however, it will require 
greater height of the lighter liquid to balance 
the heavier liquid in the other arm. Thé 
difference between the two levels in propor 
tionate to the difference in the specific gravi 
ties of the two liquids 

To take a typical example—to find the 
specific gravity of a sample of oil. Since oil 
and water do not mix readily, the water, 
being heavier, should first be poured into one arm and the oil into the other. 
The height of the water column divided by the height of the oil column 
will give the specific gravity of the oil. Thus if the height of the oil column 
is 12 inches and that of the water column is 10 inches, then the specific 
gravity of the oil compared with that of the water is 0.834. Water being 
1.00 no further calculation is necessary. 


PAYIAIINZZZZZZL. 


























It is interesting to note that not only is this method fully as accurate as 
that of a regular float hydrometer but also that its reliability is not affected 
by the internal diameter or length of the U-tube, the quantities of each 
liquid used, or any other factor likely to be met with in a “rough and ready” 
shop test. It depends only on gravity; the formula being equally true 


* President, Meriam Company 














Page 474 INSTRUMENTS July, 1 
whether the tested liquid is lighter or heavier than the standard of con 
parison. 

Where there is a tendency for the water to mix with the liquid under 
test a double test must be made. For instance, it would be difficult to pre 
vent water and alcohol from mixing, no matter how carefully they were 
poured in. But since water and kerosene do not mix readily, the specifi 
gravity of a kerosene sample may be obtained. This kerosene will not mix 
with alcohol, and these two may next be compared by using the sam 


formula. 
en 


Junior D. C. Multimeter 


(Rawson Electrical Instrument Co.) 


JUNIOR is the very latest addition to the Rawson Multimeter family, 
which are now so well known in practically all of the largest laboratories 11 
the country. This sturdy youngster bids fair to become extremely popular 
in the smaller laboratories where first cost is an important item. 

The scale of this meter is about three inches long, divided into 100 sul 
divisions, figured 0 to 100 and 0 to 2. There are twelve ranges covering 
readings from two microamperes to one ampere and from twenty microvolts 
to one thousand volts in easy overlapping stages. In fact for the research 
engineer delving into unknowr 
quantities this little meter is ideal 

The high resistance of one thou 
sand ohms per volt, extending up t: 
one megohm on the one thousand 
volt range, should appeal to the en 
gineer where small power consump 
tion is important, while the max 
mum resistance on the curret 
ranges is only ten ohms extending 
downwards to .001 ohm on the one 


+ 





ampere range. 

Only three binding posts are employed; one common, one for current and 
one for voitage, all the ranges being controlled by a well designed selector 
switch with a decided click in each position. All ranges are plainly engraved 

A special feature of this meter is the lowest two ranges in millivolts being 
two and ten, having a constant resistance of ten ohms. This arrangement 
is especially suitable for use with Rawson Thermo Couples in Vacuo for 
high frequency work. The combination of these two ranges provide read 
ings over the whole workable range of the thermo couple and the constant 
resistance feature provides perfect overlapping of scales. Readings on radi 
frequency currents as low as 200 microamperes can be made using the tw: 
millivolt scale. 

The standard meter is supplied with regular single pivot movement hav 
ing zero shift and clamping device easily operated by knurled buttons 
Patented double pivot movement with zero shift and clamping devices as 
above can be supplied at a slight additional cost. The case of meter is die 
cast aluminum with black crackle lacquer finish which is very tough and 
durable. 

The accuracy is guaranteed to one-half of one percent. 


arr 


¢ 214”, height over all 3 
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Size 5” x 48%’ 
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New S. GH. High Tension Fault 
Finder 


(Herman H. Sticht & Co.) 





N the modern system of power distribution, it is of the utmost importance 
to be able to locate faults in the cable system as quickly as possible 
These faults may be open circuits, short circuits between phases or grounds 
The location of an open circuit taking place without a ground is of course 
easy to locate by the well known method of measuring the capacity of 
the two sections of the cable. 

The new instrument is used for the location of grounds or short circuits 
between phases. 

For this class of work, the ordinary low voltage Wheatstone bridge or 
the fault finding bridge has not been found satisfactory. Even when these 
bridges were used with 100 volts, 
it was impossible to locate the fault 





if it had several thousand ohms 
resistance. The measuring current 
under such conditions is so small 
that even with the most sensitive 
mirror galvanometer it is not suf 
ficient to get an exact measurement 
While the fault when first experi 
enced may have been comparatively 
low in resistance, due to the heat 
influencing the insulating material, 
by the time that the bridge is set up 
and the measurement made, the 
cable 1s generally cooled and the 
resistance increased. 

As a consequence, many central 
stations have found it necessary to 
first apply high voltage alternating 
current to thoroughly break down 
the fault before using the fault find 
ing bridge. Even with this method 
there is frequently a tendency fol 














the resistance to increase in the time 
etwee e application of the high voltage alternating current and the 
between the applicat f the high volt lternat t and tl 
test with the bridge. 

In the new Siemens & Halske High Tension Fault Finder, the two steps 
in the process of finding a fault are combined. The instrument is shown 
completely set up in the illustration, and is used in connection with 
kathode ray rectifying device, such as the well known Kenetron, furnishing 
up to 50,000 volts D. C. 

This high tension fault finding bridge permits of a rapid and accurate 
location of the faults in cables. 

The high tension measuring bridge is designed on the well known 
principle of the Wheatstone bridge. The measuring wire and 
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t int o] sulate led compositiot1 Th 
late nst tl th by tubes f similar terial, s 

that the instrument w Sal witnst tests lt yes up to approx! 
itely 5O KV The s ig contact Cc prises silver roller in a c: rriage 
which slides the wire This slider is fed with a high voltage current 
om a rectifi entioned bet with one pole connected to the ground 
The ust e of a grounded wheel on the end 
f late whicl ected t ) oint, the latter in turt 
uatu t wit ctiol1 tl slid Since both the 

et the slide e pri ded with lenses, re lings can 

onvenient I e ft list = it 
The bridge has three ranges to cover the uus lengths and sizes « 
le T he fault nf er 1S le S € S that the wh le utnht \ 
t se shown in the illustratio 
se 
. 
A New Small-Motor Starting 
Switch 
(Cutler-Hammer, Inc.) 

HIS new starting switch can be used with d. c. motors up to 1/2 H. P 
115 volts and 1/4 H. P., 230 volts or with a. c. motors—single, two or 
three phase up to 2 H. P., 110 to 550 volts. Small in size,—the enclosing 
se is a standard wiring box—the switch can be mounted right on the 
ichine it the operator's finger tips For 

machinery builders, an open type switch for 

building directly into the m chine. 3 is offered 
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Wi hen trip »ped by an overload, simply pushing 
the ° ‘reset’ button resets the relay and Starts 
the motor. The enclosed switch has conduit 
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1s an independent manufacturing 
ganization or personnel will be made 
President of ( — Hammer has also been 
&* Conrad. Mr. Conrad and Mr. Schweit 


en, 
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have been retained as consulting enginers and will continue their interest 

the management as members of the Board of Directors. Other members 

f the new Schweitzer & C, mrad board are Mr. F. R. Bacon, who is Chai 

man of the Culter-Hammer board and Mr. F. L. Pierce and Mr. Louis A. 
Lecher who are also m yf the Culter-Hammer board. 
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Combination Tester 
For Yarns, Twines, Cloth, Paper, Etc. 


(Henry L. Scott & Company) 


T is a well known fact that variations 1n the speed of separatior he 
testing machine jaws affects the tensile strength « yi | 
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The toothed rack is 1”’ wide with teeth sp iced 


I2per1”. Six gravity pawls 
vel on this rack and hold the pendulum in the position at break until re 


et by raising the pawls and returning the pendu- lum to the vertical position 
All moving parts are of heavy ccnstructicn, carrying a large limit of 
safety, and are well encl sed. 


The stretching screw operated smcothly and passes through the gear box 
without revolving. This is an important feature as it obviates the poss 
bility of yarn becoming entangled in the moving parts. 

The machine is operated by two levers, one for starting and the other for 
reversing and stopping. The machine is started by pulling the “starting 
lever forward and immediately releasing it, allowing it to return to its 
original position. Pressing down on the combination reverse-stop rod re 
verses the machine at about twice its downward speed Pulling up on the 
same rod stops the machine. The automatic reversing and stopping of the 
machine is accomplished by means of an arm attached to the stretching 
screw and sliding on the reverse stop rod between two adjustable collars 
The lower may be set to reverse, and the upper to stop the machine at any 
desired point. In this way the jaws may be set any desired distance apart 
ind after each test the machine will automatically reverse and stop at the 
original starting position 
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ee 


A New Portable Immersion 
Pyrometer 


(Illinois Testing Laboratories, Inc.) 

















EPEATEDLY, foundrymen have stated “Pouring metals at the wrong 

temperature is like pouring Dollars in the Scrap Pile.’ Perfect cast 
ings—castings having fine grain structure, resulting in superior strength, 
uniform in size requiring minimum machining, are natural results when 
correct pouring temperatures are used. 

Excessive losses, both fuel and metal, are caused when the pouring 
temperature is either too hot or too cold. 

Progressive foundrymen have long felt the need for an instrument which 
can be used in production for the accurate measurement of molten non 
ferrous metals. 

Present types of pyrometers available for this purpose accomplish this 
result only partly—unless the measurement is obtained by skilled operators. 

All commercial forms of pyrometers available for this service operate on 
the thermoelectric principle using either a thermo-couple of the open wir¢ 
type or one completely enclosed in a heavy protection tube. 
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Utmost accuracy of reading is obtainable with the totally enclosed type 
of thermo-couple, because it is not affected by the slag, dross or other sur 
face conditions of the molten metal—however, unfortunately, the heavy 
wall of the protection tube introduces considerable lag, necessitating 
longer period of submergance before a constant reading is obtained 
obviously, the long time required per reading is not desired by the pro 
duction man, therefore, this type of thermocouple has been more o 
laboratory means for obtaining high accuracies. 

Pyrometers having the open wire type of thermo-couple are in common 
use in most foundries because this thermocouple responds quickly 
temperature of the molten metal. 

Unfortunately, slag and dross affects the conductivity of the open wire 
thermocouple at the surface of the molten metal causing the pyrometer to 
give incorrect or variable readings unless the surface was speci ily prepared 

Occasionally, due to the slag and dross brought about by special fluxes, 
an electrolytic action is set up in the thermocouple causing the pyrometet 
pointer to deflect beyond the full scale. 

Also, an open type of thermocouple can never indicate the true tempera 
ture of the molten metal below the surface due to the short circuiting act 
of the liquid metal—the surface temperature, invariably is always 15 ot 
more degrees less than the temperature below the level. 

Considerable difficulty is usually experienced by the unskilled user of 


wT 
LOT 


pyrometer having the conventional open thermocouple—unless all of th 
slag and dross are removed from the surface of the molten metal and also 
when the thermocouple wire tips are properly cleaned in order to get 


intimate electrical contact with the liquid metal. 

In order to overcome the known difficulties of measuring molten not 
ferrous metals, a self-contained portable pyrometer known as the “Alnor 
Pyro Lance which is equipped with a special enclosed type of thermocoupk 
having the quick response of the conventional ope n couple and the accurac: 
of the standard enclosed unit, has been develope: 

This improved enclosed thermocouple will 
readings within 30 seconds after immersing the tip in the molten metal 

An unskilled operator, with this instrument, can obtain precisiot 
temperature readings of the molten metal quickly, merely by dipping the 
tip of the thermocouple into the liquid metal. 

All readings will be immune to the surface conditions—slag, dross 
electrolytic action will not cause a variable or inaccurate result 

Furthermore, - temperature may be measured at any depth, merel; 
by controlling the depth of submergance of the piste log tip 

Another feature in this pyrometer which appeals to all users is the 
convenient means available for adjusting the e* ncgealtaal to any angle, 
making it suited for all types of furnaces and crucibles. 

Whenever the occasion necessitates a new thermocouple, it can be 


con sistently give accul te 


ee 


The steadily increasing demand for pyrometers, flow meters, and othe 
é Sb 
industrial instruments manufactured by The Brown Instrument Company 
of Philadelphia, Pa., necessitated additions to their plant in 1928 and 1929. 
The continuing growth of the business having again justified expansion 
The Brown Instrument Company has just let a contract for 40,000 square 
feet of additional floor space. 
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New Coil Testing Instrument 
HE RUBICON COMPANY announces the Rubicon Coil Teste: 


in entirely new instrument for detecting the presence of short-circuited 
turns or defective insulation in coils and windings of all kinds. 

A coil containing one or more short-circuited turns or one in whicl 
the insulation between terminals is impaired is justly considered an electrical 
hazard. Such a coil invariably results in improper functioning (and ofter 
even in complete break 
down) of the apparatus of lie 
which it forms a _ con pate 
stituent part. In spite of 
these well known facts and 
in spite of the wide and 
portant uses of coils, there 
has been available to date 
no instrument for detecting ate 
these common and serious 
defects. The present instru 
ment will not only tell 
whether a given coil 
defective or not, but it 
will also indicate how 
serious the defect is 
how many 
turns are short 
circuited or 
how badly the 
insulation is 


Impaired. 
















The Rubicon Coil Tester consists of a vacuum tube circuit with which 


is associated a reflecting galvanometer of very short period. The tube 
with its necessary circuit elements and the galvanometer with its optical 
system are all enclosed in a neat walnut cabinet measuring approximate; 
9x8x7 inches. An extension in front of the instrument carries the so called 
“test cup’ —a hollow bakelite cylinder within which are placed the coil 
to be tested. Indications are given by a spot of light on a ground glass 


window. 

Normally the galvanometer carries no current and the spot of light 
indicates zero. But when a coil of wire, having one or more short-circuited 
turns or one in which the insulation between terminals is imperfect, 1s 
introduced within the “test cup” or placed around it, the resulting absorp 
tion of energy destroys the circuit equilibrium and brings about a displace 
ment of the spot of light, and this displacement is a measure of the serious 
ness of the fault. 

Being very sensitive the Rubicon Coil Tester is at the same time a very 
sturdy piece of apparatus especially designed to withstand rough shop 
usage. The galvanometer has a period of only 1/2 second, and since no 
electrical connection need be made between the coil and the instrument, 
the speed of testing is practically unlimited 

The Coil Tester is offered in two models, one for operation on 110 volts 
60 cycles alternating current and one for battery operation. 
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ial measuring apparatus author briefl : 
f easuring of wires of U0 to U.0o m imeter diatr 
med sources Of error! G. N 


Gage Blocks (Parallel-E’ndmasse) Zeitschrift fuer Feit k Pr \ 18 1930 
pages 8-10 


The article is devoted to the aunufactur nf gave : 
we A. G It has a general discussion of line a | 2 
rial and its treatment for gage blo 
The New Zeiss—Profile Apparatus Der neue Z Projel it) O. D 
fuer Feinmechanik und Praezision, Jan. 15, 1930, pag 1-4 
[he instrument is described 


Paper Thickness Micrometer with Adjustable Measuring Pressure. Papier kenme 


nstellbaren Messdruck) Zeitschrift fuer Feintr i ) n, | 15. 1930 


4-5 








This instrument indicates on a dial with ana ira of 0.001 
A Simple Dividing Apparatus. Ein einfacher Teilapparat) R Masel 7 rift f 
mechanik und Praezision, Oct. 15, 1929, pages 9-10 
he author describes a device originated by him, for where ther ° G 
for a dividing machine 


Tin and Ries Gages. S. A. E. Production Engineering St 1 ) f Aut yt | 
ers, Jan. 1930, 9 pa 
Data ar ification plug and r 


ns on p 
I 





1g specif 
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siete 


Water hse 4 Re conder, An Accessory to the Current Me Die] 1 
rch schreibende P Zeitschrift fuer I Pp , iN 15. 19290 





The Ott water stage recorder is d 
The Effect of Surface ‘Waves on the ischaens Over Weirs H. G ) aper N 17R4 
titution of Civil Engin 























Ins 
Experiments have been carried out on weirs of four typ I ppre l recta ew 
1 rectangular weir with two end contractions, a 90 ( t broad-crested weir HH 
d up to 6.5” in the rectangular weirs, and pt 7 nt n 1, W the 
] ipt »S” Wave-disturbance increases th lischal ove \ rf magnitud * the ett 
lepending on various factors wh ch are discusse ro a first ! tf approx t 1 the eff 
the same as would be produced b i similar wave tem in wh t nterna 
the pressure at any point is proportional to the depth of ymersion, and the rate of 1 ind fa 
the surface is so slow that at each instant the discharsg proport t H 3/2, wher H 
1 the weir t th tant. With wa 10 nt 
veircrest an 1 il type of measuring wv ) Y plic vi ’ enable 
the effect on the discharge to be cot 1 with I nt 
»ver a broad-crested weir than over a rest \ i t ul In | fth 
orrections given in the Paper, the h it l f I ita] 
ibout twelve times the mean h veir pst f th i { 
having end contractions or of a vee notch, at a point approx ‘ et w the | 
enter of the approach-channel 
The egg Mean Depth as a Basis for Form Cc omparison in the Flow of Fluids in Pipes 
Journal Royal Technical College i 1930, pages 203-220 
ents of Stanton and Panne Schiller, D 1 Whit other ) ( 
elliptical, rectangular t ul 
Reynolds’ Function, in which the lr ‘ pth has be tak , 
mension of the section, then one ! ver t 
Re yids’ Function for a f 
ley cient terion f I 
1OW it this I only In sj 


GASES, AIR, STEAM 
An Apparatus and Method for Determining the C mere ssibil ity of a Gas and the Correction for 
‘‘Supercompressibility.”’ Howard S. Bear B rnal of Resear M 
1930, pages 645-661 





Boyle's law for g 














3 es tha [ it 
ire \ll gases depart from this law to some extent, and t ia true of the industria 
fuel gases known is natural gas, for which the departure ma is 7 or S% for a pre ul 
range of 1 to 40 atmospheres. When these ga i l rn” toa yspher 
this departure from Boyle's law be s impor i I iade to tk i 
ndications by the introduction of a term called the percompr ty factor In the exper 
mental procedure for determining this factor a sample of ga oO te it high pressure in a stee 
cylinder of known capacity. Successive small portions of th imp re withdrawn into a burett« 
where their volumes at atmospheric pressure are determ I ) 1ued whole 
2 sample has been reduced to atmospheric pres Phe rf ) ( t pher 
pressure is then compared with the volume to w ie imp vO yanded 
f it had followed Boyle's law as the pressure was 1 rt ition of th 
equation used in computing the factor from the ypser\ 1 i teps t ) 
taken in applying this equation are enumerated Experiet ha ited that t factors thu 
determined will be correct w.thin 0.002. Based on the experience ne vith t f the ap 
il interest ) ) ter 1 





paratus described several fact 





the supercompress 








INSTRI 


MENTS 





BUYERS? GUIDE 


Of instruments and devices for measurement, inspection or control. 


If you are unable to find what you require in the Buying Section of INSTRUMENTS—write u 


and we will obtain full particulars for you without charge. 


requirements. 


Give complete information of 








ABRASION TESTERS 
H. Z, Schniewind 
4CIDITY RECORDERS 
Leeds & Northrup C« 
Rubicon Company 
AIR FLOW INDICATOR 
Brown Instrument C« 
Commercial Engg 
AIR METERS 
American Meter Ci 
Foxboro ( 
ALIDADES 
ALTIMETERS 
American Paulir 
Tagliabue Mfg. Co., 
Taylor Instrument Comp: 
AMMETERS— Indicating 
General Radio C¢ 
Jewell Elect in 
Electrical Instr 


Labs 





anies 





Rawson t 
Company 
Westingho ise Elec. & Mfg. Co 
Weston Electrical Inst. Cory 
Recording 
a ts fe ompany 





ine-Angus ( 
ANEMOMETERS 
Taylor Instrumer 


ats TESTING. "EQUIP 
TS 


Westinghouse Elec. & Mfg. Co 
ASPHALT TESTING APPARATUS 
Tagliabue Mfg. Co., ‘ 
ATTENUATION NETWORKS 
General Radio Company 


AUDIO-FREQUENCY OSCILLA- 
TORS 


General Radio Co 
BALANCES 
Akatos, Inc. 
H. Z. Schniewind 
BAROMETERS—Aneroid 
ial, Recording 
American Paulin System, Inc 
Bristol Company 
Tagliabue Mfg. Co., C. J 
Taylor Instrument ¢ yar 
BATHS—Constant tem 
water & oil 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Cory 
BOARDS: INSTRUMENTS 
Foxboro Co. 
BRAKE TESTING METER 
Leeds & Northrup Co 
BRIDGES, ELECTRICAL 
Capacities, Conductivity, Hoopes, 
Inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
General Radio Co. 
Leeds & Northrup Co. 
Rubicon Company 
CABLE TESTERS 
Rawson Elec. Inst. Co. 
CALORIMETERS—Gas 
American Meter Co 
Burgess-Parr Co. 
Peroxide, Oxygen Bomb 
Burgess-Parr Co 
Gaertner Scientific Corp. 
CAPACITANCE METERS 
Genera! Kadio Co. 
Rubieoa Company 


mpanj 





CARBON DIOXIDE METERS 
American Meter Co 
Brown Instrument Co 


Charles E ngelhard, Inc. 
Foxboro Co 
Leeds & No rthrup Co 


agliab ue Mfg. Co., C 


CARBON MONOXIDE METERS 
American Meter Co. 
Charles Engelhard, Inc 
Leeds & Northrup Co 
lagliabue Mfg. Co., C. J 
COTE TORETERS 
Gaertner Scientific 


CEMENT TESTING INSTRU- 
MENTS 


CHRONOGRAPHS 

Gaertner Scientific Corp 
CHRONOMETERS 

lagliabue Mfg. Co., C. J 
CLOCKS—Gauge Board 

Brown Instrument Co 

Bristol Company 

Waxboro Co 
CLOUD & POUR TEST AP- 

PARATUS 

l'agliabue Mfg Co 5 We P i 
COILS 
Resistance, Inductance, Special. 

General Rad 

Rubicon Cor npar 
COIL TESTING EQUIPMENTS 

Leeds & Northrup Co. 

Rubicon Company 

Westinghouse Elec 
COLORIMETERS 

Akatos, Inc. 

Tagliabue Mfg. Co., C. J 
COMBUSTION CONTROL 

EQUIPMENT 

grown Instrument Co 

Charles Engelhard, Inc. 

Leeds & Northrup Co 
COMMUNICATION MEASURING 
INSTRUMENTS 

General Radio Company 
COMPASSES 

laylor Instrument,Companies 
COMPARATORS 

B. C. Ames Co. 

Federal Products Corp. 

Gaertner Scientific Corp. 
CONDENSER LEAKAGE 

RECORDERS 

Esterline-Angus Company 
CONDENSERS —Electrical 

General Radio Co. 

Leeds & Northrup Co. 

Rubicon Company 
CONDUCTIVITY METERS 
Indicating, Recording, Controlling 

Esterline-Angus Company 

Leeds & Northrup Co. 
CONCENTRATION RECORDERS 

Esterline-Angus Company 

Leeds & Northrup Co. 
CONSTANT SPEED & FRE- 

QUENCY SETS 

Leeds & Northrup Co. 

CONTOUR MEASURING PRO- 
JECTOR 

Bausch & Lomb Optical Co. 
CONTROLS, AUTOMATIC 
Condensation 

Tagliabue Mfg. Co., C. J. 


—— 


& Mfg. Co 


Damper 
Brown Instrument Co 
Charles Engelhard, Inc 
Foxboro Co 
Leeds & Northrup Co 
lagliabue Mfg. Co., C 
DEMAND PRESSURE 
Foxboro Company 
Feed Water 
Brown Instrument Co 
Foxboro Co 
Filter Rate 
Brown Instrument Co 
Foxboro Co. 
Float 
Flow 
Brown Instrument Co 
Foxboro Co. 
Gravity 
Foxboro Co 
lagliabue Mfg. Co., C. J 
Humidity 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Foxboro Co. 
Leeds & Northrup 
lagliabue Mfg. Co., C.J 
Taylor Instrument Compar 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Ine. 
Foxboro Co. 
Leeds « Northrup C 0. 
lagliabue Mfg. Co., C. J. 


Taylor Instrument Companies 


Liquid Level 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Company 
Foxboro Co. 
Tagliabue Mfg. Co., C. J 
Motor 
Pressure & Vacuum 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Esterline-Angus Company 
Foxboro Co. 
Minneapolis-Honeywell Co 
l'agliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Pyrometer 
Bristol Company 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Rate-Volume 
American Meter Co. 
Foxboro Co, 
Refrigeration 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 
Special 
Rubicon Company 
Tachometer 
Brown Instrument Co. 
Esterline-Angus Company 
Foxboro Co. 
Leeds & Northrup Co. 


Bb 
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A Gas Analyse. mages for Difficult Absorptions. 
of Research, June 1930, pages 747-752 
This note de S¢ cribe s a bubbling pipe 
forated with 200 holes of 0.06 mm. d 





=u nto many small bubbles, an 1 effects 1 ane 
absorbed. The efficiency of the pipette has 
with the Dennis-Friedrichs pipette Gascon i mplet , 3 
nto alkaline pyrogallo! contained in both the new pip D 
vhereas 10 passages were required for t ordinary t 
en tages over the Dennis-Friedrichs des naint ! 





ind the fact that no special molds 


The Sentinel V-Notch Boiler-Feed Records r. [ror ( I 
1930, pages I 
Describes the V-not h boiler feed recorder 
f Manchester. It 1s a relatively sma t 
steam user nm Mee 














Effect of Turbulence in Wind Tunnel Measureme nts. | D K 
342, ser eg Advisory Committee for Aer i 30 
was carried out at the Burea 
fh the National Ad ( | 
juantitative measurements of wind-t rbule1 
nd airship models, measurements m ble by tl 
paratus developed at the Bureau of St 1 TI} DI 
n Technical Report No. 320 and som ficat t 
paper. One important result of the present w 
alr resistance of spheres can be nterpreted to give t 
lefinite proof that the discrepancies in the r ts ont N. P. ] 
mainly to differences in the turbulence of 1 t 
tempt is made to interpret the observed re t ¢ 
purpose a brief account i ven of the ph 
been obtained by analogy with the laws of flow 
The Flow of Air Through Circular Orifices with Roun ied Approach P ( 
and B. | ilson sulletin 207, | I { 
Report of an investigation, the pur f 
i precision method and to determi ff 


ELECTRICITY 


Testing Insulation Without Destroying It IR 
220-230 





The power factor of insulation give i mea 
a modification of the Wheat tone bridge. a vet 
tion materials is possible rhe instr lent is de \ 


Portable Instrument for Electric Meter Inspectors. (lil! 
Elektrotechnische Zeitschrift, Nov. 28, 1929, | L738 AOS 
Describes small size portable measuring t w t 
whether the voltage windings of 1 
vol tages due to lightning et or 
transformer are identical, without opening th« 
mnect it from the circuit \. J. M 





Compact, Flexible, Portable Relay Test Transformer. | P "A 
May 10, 1930 pages 935-936 
\ description of a portable relay test transforme1 ) 2) I ( 
tized by a wide range of available voltage ma 
4 Ibs The arrangement for testing timing rela ee ae 
ee Apparatus for Measuring the Electrical Resistance of Rail Joints 
Elektrotechnische Zeitschrift, Dec. 19, 1929, p L857 
This apparatus represents a simple means for onve 
of the electrical resistance of rail joint It wa 
of these joints in regions in proximity of mines. for the p 


sitic currents which might prematurely set off miner 
Novel Recording Device for Use with Measuring instrum« nts 





pour appareils de mesures). P. J. Say Rey Géne t ‘ 
Dec. 28, 1929, pages 1039-1042 
The device desc ribed is base d upon th record I 
measuring instrument by means of an electric at 
adapted to form one electrode and another elect 
paper. This paper is sensitive to the electric ar - 
high frequency, the succe passat of tl 
tinuous graph or record of F the deflections of the I 


paratus in detail, explains the matter of its adaptat 
having a deflecting needle, as well as it vanta ! l 
New Arrangement for the Measurement of Altern ating Currents with Moving ( Coil and Permanert 
Magnet Apparatus (Nouveaux dispositifis de m I 
adre mobile et aimant permanent S. Held R vue Généra I tricite, I 
pages 277-284; March 1, 1930, pages 317-324 
Discusses first the advantages, from the point of 1 
magnet galvanometers for the measurement of contit t t ‘ 
alternating currents. It is therefore of i t 








galvanometers for alternating current mpor t 
ot sufhciently precise operation that the ing 
iffected by its presence The opper oxid 
Describes the mechanism and character 
between the mean values of the rectif 
the galvanometer reading i rd 
lered M. S. 
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Temperature- Time 0 wt ic: - GAGE RODS 
Brown In nt ( Jausch & Lomt | Co l'agliabue Mfg. Co., C. J 
i, Ir DIVIDING MACHINES. GAGES 
Gaertner Scientific Corp Absolute Pressure 
ap ( DRAFT GAGES—see Gages Svistel Commene 
a ty ah ome ade DYNAMIC BALANCING Brown Instrument Co 
Taylor Instrument C¢ EQUIPMENT Foxboro Co. 
Thermometer Commercial Engg. Labs ettame Co. 
Bristol Company EARTH CURRENT METERS Tagliabue Mfg. Co., C. J 
Brown Instrument C Rawson Elec. Ins Taylor Instrument Compa 
; 7 es Engelhar 1, Ir ELECTRIC TEL EMETER Amplifying 
ee ae Southwark Fdry. & Mach. C B. C. Ames Cu 
ee hcg, Co. . ELECTRIC WAVE FILTER SEC- Federal Products ( 
agiavoue - 0., . T vies . 
Taylor Instrument Companies General Ra Ld aa ew - 
asailes mrany. Inc — mony a . C. Ames Co 
r W ilson-M ae ilen Co ipany, In EMPLOYEES’ “IN AND OUT Federal Pro i 
prey iw TIME RECORDERS Cylinder 
ristol Company Stromberg Electric Co yn 
Brown Instrument Co ENGINE INDICATORS ae aa 
hs — Engelhs ard, Ine Cietteetiel Hae Lobe. Depth ‘ ry 
oxboro Co Lehm ann & Michels B Fa een The 
Minneapolis-Honey well C EXTENSOMETER Sel De atin Caen 
Taylor Instrument ( ompanies H. Z. Schniewind Dial 1€Tal XUUCES aT} 
Westinghouse Elec. & Mfg. C< Southwark Fdry. Mach. Co TR pen 
yon Angus ( y FATIGUE TESTERS I ederal Products Corp 
eterline-Angus /ompar H, Z. Schniewind i a ee 
Z. Schniewind . 4 ochniewind 
Te : sal FAULT FINDERS Differential Pressure 
Brown Instrument C General Radio Co. _ American Meter Co. 
fet the penny Ala Leeds & Northrup Co. Brown Instrument Co 
Ester! e-Ang us Company Rubicon Company ~ ta Co 
Foxboro a i Weston Electrical Inst. Cory Meriam Co. 
Stromberg Electric 0. FLASH & BURNING POINT Tasliabue Miz. Co.. C.J 
Tagliabue Mfg. Co., C. J TESTERS oon ue Mig. » Vee 
— Akatos, Inc. Bristol Company 


Bristol Company Tacliabue Mfg. Co. C. J 
Esterline-Ang is Company FLOW METERS + se an c 
Foxboro Co. American Meter Co 7 e eee ME MC] 
Meriam Co. Brown Instrument Co T; e Saat i Yaka 
Unit Heater aylor Instrument Compa 


' Foxboro Co Drill 
Minneapolis-Honey well ( al Co rl . 
Valve—Motor Operated me G a & Lomb Optical | 
Bristol Company Leeds & Northrup Co. “i ou Products Cor 
Brown Instrument Co {awson Electrical Instr. Co ee ee 
Charles E ngelh ard, Inc. FOLDING TESTER Liquid Level 
Foxboro Co. H. Z. Schniewind Bristol Company 
Minneapolis-Honey well C« FREQUENCY METERS Brown Instrument Co. 
Taylor Instrument Companies Indicatin Foxboro Co. 
Water Level Jewell Yicctrical Instrument Co Leeds & Northrup Co. 
Bristol Company Leeds & Northrup Co. Meriam Co. 
Brown Instrument Co. Westinghouse Elec. & Mfg. Co l'agliabue Mfg. Co., C. J. 
Esterline-Angus Company Weston Elec. Inst. Corp. Taylor Instrument Companies 
Foxboro Co. = Controlling Loss of Head 
Tagliabue Mfg. Co., C. J. Leeds & Northrup Co. Brown Instrument Co 
COORINATOGRAPHS Recording Foxboro Co. 
COUNTERS—Revolution Bristol Company Meriam Co. 
Bristol Company Esterline-Angus Company Pitch Diameter 
Brown Instrument Co. Leeds & Northrup Co. Federal Products Corp 
Lehmann & Michels Standards Pocket 
H. Z, Schniewind General Radio Co H. Z. Schniewind 
Stroke FUEL con whys APPARATUS Pressure 
Bristol Company Burgess-Parr Co. « aoe Ci 
Paterline-Angus Company FUEL FLOW INDICATOR eee deal 0. 
Lehmann & Michels Commercial Engg. Labs. Brown Instrument Co. 
COUPLING TRANSFORMERS GALVANOMETERS Foxboro Co. 
General Radio Company Brown Instrument Co. Leeds & Northrup Co. 
CURRENT RECORDERS Charles Engelhard, Inc. Meriam Co. . 
Bristol Company General Radio Co. Tagliabue Mfg. Co., C. J 
Esterline-Angus Company Jewell Electrical Instrument Co Taylor Instrument Compa es 
Leeds & Northrup Co. Leeds & Northrup Co. oa 
CURRENT REGULATORS Rubicon Company Pressure-T emperature 
Westinghouse Elec. & Mfg. Co. Westinghouse Elec. & Mfg. Co. Bristol Company : 
CYCLE COUNTERS Weston Electrical Inst. Corp. Brown Instrument Co. 
General Radio Co. GAS ANALYTICAL METERS Foxboro Co. ; 
CYLINDERS-GRADUATED Chemical oes & Deserep Se. 
Tagliabue Mfg. Co., C. J American Meter Co. Tagliabue Mfg. Co., C.. 
DECELEROMETER Tagliabue Mfg. Co., C. J Taylor Instrument Cos. 
DEFORMETER (Beggs) Electrical Pressure & Vacuum 
Southwark Fdy. & Mach. Co. Brown Instrument Co Bristol Company 
DEMAND METERS Charles Engelhard, Inc. Brown Instrument C 
Gas Leeds & Northrup Co. Charles E ngelhe ard, Sas. 
American Meter Co GAS LEAK INDICATORS Foxboro Co. 
Foxboro Company Taylor Instrument Companies Leeds & Northrup Co. 
Electric GAS-METERS Meriam Co. 
Westinghouse Elec. & Mfg. Co American Meter Co. l'agliabue Mfg. Co., C. J 
DENSITOMETERS Brown Instrument Co Taylor Instrument Companies 
Akatos, Inc. Fenbere Ve. — ba Leal 
a Meriam Co. Jausch & Lomb Optica! Co 
Z. Schniewind GASOMETERS Rain 
DIVIDING HEAD American Meter Co Taylor Instrument Companies 
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SCHOPPER 


Precision Testing Machines 


“STANDARD THE WORLD OVER” 


For Testing ALL MATERIALS 


Abrasion Hardness 
Absorption Humidity 
Bending strength Impact strength 
Bursting strength Moisture content 
Density Permanent set 
Detrition Porosity 
Elasticity Shock 
Elongation Speed 

Expansion ensile strength 
Fatigue Thickness 
Folding endurance lorsion resistance 
Freeness Weight 


Write for Descriptive Literature 


H. Z. SCHNIEWIND 


72 Duane Street New York, N. Y. 


Sole Agent U.S. A. and Canada 








M1227 Coordinate Comparator 


Range 100x80mm or English Measure 4"”x3!.” 





Suitable for opaque and transparent objects. 
This comparator is fitted with rotable cir- 
cular stage 15cm in diameter and graduated 
circle reading to .1°.._ Price on request. 


THE GAERTNER SCIENTIFIC 
CORPORATION 


1201 Wrightwood Avenue Chicago, U.S.A. 

















FEDERAL 


DIAL INDICATORS 


Comparators Fabric Gauges 
Amplifying Gauges Rubber Gauges 
Thickness Gauges Tap Comparator Gauges 
Depth Gauges Gear Toote Comparators 
Thread Lead Gauges Cutter Testing Gauges 
Pitch Diameter Gauges Internal and External 
Cylinder Gauges Grinding Gauges 


Paper Gauges 


Federal Products Corporation 


Providence, R. I. 
WESTERN BRANCH; 7338 WOODWARD AVE., DETROIT, MICH. 








When writing to the above companies, please mention INSTRUMENT 











Use of Radium in 


Progress in Remote Measurement 


Instrument Transformer 


An Extra-High-Voltage Laboratory 
P I 


Watt-hour Meter Accurac 


Electrical Measuring Instruments 
te Peoeas © 


H. & B. Totalizing Instruments x B 
Z ft f I r P1 

I t1 fi | 
New Current Measuring Device 


lit bi 
I t b 

The Wheatstone Bridge in Service Work. P 

Increasing the Range of Voltmeters 


A Vacuum Tube Electrome 


1-28 


ter » 
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A Constant Frequency Oscillator. Carl V 
tt ¢ t \ 1O30 967-27¢ 


Note on a Modified Randall Univer 
Frazer. Rev fic I 
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Electrical Measuring Instruments 


4 : for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators - Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks - String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 























a ™ v “4 >I ‘ a! a! _ 4 ‘ % 
WENNER RESISTANCES 
A new type of non-inductive, non-capacitive resistance 
for high frequency work, developed by Dr. Frank 
Wenner, chief of Resistance Section, Bureau of Standards. 


E) We are prepared to supply these resistances in units up to 10000 
ohms and in various decade combinations. Correspondence invited. 

‘ RUBICON COMPANY 

7 ELECTRICAL MEASURING INSTRUMENTS 

29 North Sixth Street PHILADELPHIA, PA. 








Franz Schmidt & Haensch 


Densitometer for measuring the 
density of photographic films and 
plates as well as absorption of other 
transparent objects. 

Sole Distributors 


AKATOS., Ine. 














os j Engineering Building 114-118 Liberty{Street 
r : New York City 

ma 5 

rug 

One 3 
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MADISON AVENUE at 112th STREET 
CLEVELAND, OHIO 










NTS 





When writing to the above companies, please mention INSTRUME 
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July, 





Recording 
Distance 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Company 
Strain 
Southwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co. 
Esterline-Angus Company 
H. Z. Schniewind 
Volume 
American Meter Co. 
Brown Instrument Co 
Foxboro Co. 
Meriam Co. 
Water Level for Boilers 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Wind 
Brown Instrument Co. 
Taylor Instrument Companies 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc. 
GOVERNORS 
Laboratory Dry & Wet Gas 
American Meter Co 
Pressure 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 


ump 
Tagliabue Mfg. Co., C. J. 


GLASS STRAIN TESTERS 
Akatos, Inc. 


GREASE TESTING APPA.RATUS 

Tagliabue Mfg. Co., C. 
GROUND DETECTORS 

Leeds & Northrup Co. 

Rubicon Company 

Westinghouse Elec. & Mfg. Co 

Weston Electric Inst. Corp. 
GROUND-OHMER 

Leeds & Northrup Co. 

Herman H. Sticht & Company 


GYPSUM TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
HARDNESS TESTERS 
Akatos, Inc. 
H. Z. Schniewind 
Wilson-Maeulen Company, Inc. 
HARMONIC ANALYZERS 
Leeds & Northrup Co. 
HELIOSTATS 
Gaertner Scientific Corp 
HIGH FREQUENCY APPARATUS 
Argco Laboratories, Inc. 
HIGH VOLTAGE 
Indicators 
Argco Laboratories, Inc. 
Measuring Devices 
Westinghouse Elec. & Mfg. Co 
Testing Devices 
Westjnghouse Elec. & Mfg. Co. 
HUMIDITY CONTROLLERS 
Bristol Company 
Charles Engelhard, Inc. 
Foxboro Co. 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristo] Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicati 
Leeds & Northrup Co. 
Rubicon Company 
Controlting, Recording 
Leeds & Northrup Co. 





HYDROMETERS 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cor npanies 
HYGROMETERS 
Brown Instrument Co. 
Foxboro Co. 
H. Z. Schniewind 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
IMPACT or noe aa TESTER 
H. Z. Schniewind 
IMPACT TESTING MACHINES 
Akatos, Inc. 
H. Z. Schniewind 
Alternatin 
INDICATORS See Gauges 
INDUCTANCES 
General Radio Co. 
{ubicon Company 
INSTRUMENT BOOKS 
Instruments Publishing Co 
INSTRUMENT CALIBRATION 
AND REPAIRS 
Jewell Electrical Instrument Co. 
Rubicon Company 
INSTRUMENT TRANSFORMERS 
Jewll Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Electrical Inst. Corp. 
INSULATION TESTING EQUIP- 
MENT 


Leeds & Northrup Co. 
Rubicon Company 
Westinghouse Elec. & Mfg. Co. 
INTEGRAPHS & INTEGRATORS 
Leeds & Northrup Co 
INTERFEROMETERS 
Gaertner Scientific Corp 
JOB TIMING RECORDERS 
Stromberg Electric Co. 
KEYS AND SWITCHES 
General Radio Co. 
Leeds & Northrup Co 
Rubicon Company 
KILNBOY 
Foxboro Cc 
KILOVOLT AMPRERE METERS 
Esterline-Angus Company 
KLYDONOGRAPHS 
Westinghouse Elec. & Mfg. Co 
LACTOMETERS 
Tagliabue Mfg. Co., C. J. 
LENGTH MEASURING 
MACHINES 
Gaertner Scientific Corp. 
H. Z. Schniewind 
LEVELS 
Centering 
Bausch & Lomb Optical Co 
Enginerr’s, Wye, Precision 
Prism 
Taylor Instrument Companies 
LIME TESTING INSTRUMENTS 


LOCOMOTIVE INDICATORS 
Lehmann & Michels 
LUSTER METERS 
Akatos, Inc. 
MAGNETOMETERS 
Rubicon Company 
MANOMETERS 
American Paulin System, Inc 
Brown Instrument Co 
Foxboro Co, 
Meriam Co. 
MASTER CLOCKS 
Gaertner Scientfiic Corp. 
Stromberg Electric Co. 
MEASUREMENT BOOKS 
Instrument Publishing Co. 


MEGOHMMETERS 
Leeds & Northrup Co. 
Rubicon Company 
Herman H. Sticht and Company 
MEGOHM VOLTMETERS 
Jewell Electrical Instrument Co. 
Weston Electrical Inst. Corp. 


MELTING POINT ee 
Tagliabue Mfg. Co., C. J. 

METER PROVERS, hen 
American Meter Co. 

METER TESTERS, Gas 
American Meter Co. 

MICROMETERS 


Gaertner Scientific Corp. 
H. Z. Schniewind 
MICROAMMETERS 
Jewell Electrical Instrument C 
Rawson Electrical Instrument ( 
Weston Electrica] Inst. Corp. 
Wilson-Maeulen Company, Inc 
MICROFARADMETERS 
General Radio Co 
Jewell Electrical Instrument ( 
I eds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 
MICRO PYROMETERS 
Akatos, Inc. 
MICROSCOPES 
Brinell 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
H,. Z. Schniewind 
Spencer Lens Co. 
Metallographic 
Akatoa, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 
Petrographical 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 
Toolmakers’ 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Spencer Lens Co. 
MICROTOMES 
Bausch & Lomb Optical C 
Spencer Lens Co. 
MILLIAMMETERS 
Charles Engelhard, Inc. 
General Radio Co. 
Jewell Electrical Instrument ‘ 
Rawson Electrical Instrument ( 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Tn 
MILLIVOLTMETERS 
Bristol Company 
Charles Engelhard, Inc. 
Jewel: Electrical Instrument C 
Rawson Electrical Instrument ‘ 
Taylor Instrument Companies 
Weston Electrical Inst. Corp 
Wilson-Maeulen Company, Inc 
MOTOR RADIATOR VALVES 
Minneapolis-Honeywell Co 
MOTION RECORDERS 
Mechanical 
Bristol C ompany 
Foxboro Co. 
Lehmann & Michels 
MULTIMETERS 
Rawson Electrica] Instrument ‘ 
MULTIPLIERS 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Weston Electrical Inst. Corp. 
NEON FILLED TUBES 
Argco Laboratories, Inc. 
NEPHELOMETERS 
Akatos, Inc. 
OHM METERS 
General Radio Co. 
Jewell Electrical Instrument C 
Leeds & Northrup Co. 
{awson Evectrical Instrument ‘ 
Rubicon Company 


Herman H. Sticht and Compan; 


Weston Electrical Inst. Corp 
OIL TESTING APPARATUS 

Tagliabue Mfg. Co., C. J. 

Taylor Instrument Companies 
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INSTRI MENTS 





OPERATION RECORDERS 
Electrical 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Leeds & Northrup Co. 
Tagliebue Mfg. Co., C. J. 
ORIFICE METERS 
American Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Meriam Co. 
ORSAT APPARATUS 


OSCILLOGRAPHS 
General Radio Co. 
Westinghouse Elec. & Mfg. Co 

OXYGEN RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J. 

PANTOGRAPHS 
Gaertner Scientific Corp. 

PERFORMANCE METER 

PERMEAMETERS 
Leeds & Northrup Co. 
Rubicon Company 


PAPER TESTING INSTRU- 
MENTS 


H. Z. Schniewind 

Spencer Lens Co. 
PERISCOPES 

Bausch & Lomb Optical Co. 

Gaertner Scientific Corp. 
PHASE INDICATOR 

Westinghouse Elec. & Mfg. Co. 
PHASE SEQUENCE INDICATO 

Herman H. Sticht Co. 
PHOTO-ELECTRIC CELLS 

Argco Laboratories, Inc. 
PHOTOMETERS 

Akatos, Inc. 

American Meter Co. 

Gaertner Scientific Corp. 

Bausch & Lomb Optical Co. 

Leeds & Northrup Co. 


PHYSICAL TESTING MA- 
CHINES 


Lehmann & Michels 
H. Z. Schniewind 
Southwark at 4 th. Co. 

PITOT TUBE MET 
Brown ov ante G 0. 
Foxboro Co. 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co. 

Linear 
Brown Instrument Co. 
Lehmann & Michels 
adial 
American Meter Co. 
Bristol Company 
Foxboro Co, 

Square Root 
Foxboro Co. 

POLARISCOPES 
Akatos, Inc. 

Gaertner Scientific Corp. 

POSITION RECORDERS 
Bristol Company 
Esterline-Angus Company 
Foxboro Co. 

POTENTIAL DETECTORS 
Leeds & Northrup Co. 
Westinghouse Elec. & Mfg. Co. 

POTENTIOMETERS—Indicating 
Brown Instrument Co. 
Leeds & Northrup Co. 
Rubicon Company 

ape & Controlling 
Leeds & Northrup Co. 

POWER FACTOR METERS 
Esterline-Angus C ompany 


Jewell Electrical Instrument Co. 


Westinghouse Elec. & Mfg. Co. 
Weston Eelectrical Inst. C orp. 





POWER FACTOR REGULATORS 
Rubicon Company 
Westinghouse Elec. & Mfg. Co 

PRESSURE RECORDERS 
Esterline-Angus Company 
Foxboro Co, 

PRICESS TIMING AND SIG- 

NALING INSTRUMENTS 
Stromberg Electric Co. 

PROGRAM INSTRUMENTS 
Stromberg Electric Co. 

PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
Spencer Lens Co 

PROTRACTOR 

Optical 
Bausch & Lomb Optical Co 

PSYCHROMETER 

Recording 
Bristol Company 
Foxboro Co. 

Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 

Sling 
Taylor Instrument Companies 

PYROMETERS 

Optical 
Leeds & Northrup Co 
Pyrometer Instrument Company 

Radiation 
Indicating 
Brown Instrument Co. 

Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Recording 
Brown Instrument Co. 
i eeds & Northrup Co. 

Taylor Instrument Companies 

Thermo-electric 
Immersion 
Bristol Company 
Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc. 
Indicating 

Bristol Company 

Brown Instrument Co 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Taylor Instrument Companies 
Westinghouse Elec. & Mfg. Co 
Wilson-Maeulen Company, Inc 
Recording and Controiling 
Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 

Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 
Surface Contact 

Bristol Company 

Brown Instrument Co. 

Charles Engelhard, Inc. 

Leeds & Northrup Co. 
Pyrometer Instrument Company 
Taylor Instrument C ompanies 


RADIO © OSCILLA- 
s 


General Radio Company 


RADIO SET ANALYZERS 


General Radio Company 
Jewell Electrical Instrument Co. 
W eston Electrical Inst. Corp 


RADIO TUBE CHECKERS 


General Radio Company 
Jewell Electrical Instrument Co. 
Weston Electrical Inst. Corp. 


RADIO TEST PANEL 


Jewell Electrical Instrument Co 
Weston Electrical Inst. Corp. 


REFRACTOMETERS 


Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 


REGULATORS—See Controls 
RELAYS 


General Radio Co. 

Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 
Weston [Electrical Inst. Corp 


REMOTE METERING EQUIP- 
MENT 


Bristol Company 

Brown Instrument Co 

Leeds & Northrup Co 

Westinghouse Elec. & Mfg. Co 
RESISTANCES—Euvectricat 

General Radio Co 

Leeds & Northrup Co 

Spencer Lens Co. 
RHEOSTATS 

General Radio Co. 

Rubicon Company 

Spencer Lens Co 


ROTOSCOPE 
Commercial Engg. Labs. 


RUBBER TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
SACCHARIMETERS 
Akatos, Inc. 
Bausch & Lomb Optical Co 
Spencer Lens Co. 
Taylor Instrument Companies 
shccrmosts Tene 
lagliabue Mfg. Co., C. J 
SALINITY INDICATORS 
Rubicon Company 
SCALES 
Amthor Testing Instrument Co 
Gaertner Scientific Corp. 
H. Z. Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Inc. 
SERVICE RECORDERS 


[sterline-Angus Company 


SHUNT METERS 
SHUNTS 
Ksterline-Angus Company 
Jewel Electrical Instrument Co 
Leeds & Northrup Co. 
Rubicon Company 
Weston Electrical Inst. Corp 
SIGNALLING DEVICES —Auto- 
matic 
Brown Instrument Co 
Stromberg Electric Co 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Burgess-Parr Co, 
Meriam Co. 
H. Z. Schniewind 
SPECIAL ELECTRICAL IN- 
STRUMENTS 
Brown Instrument Co. 
Charles Engelhard, Inc. 
Listerline-Angus Company 
General Radio Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co. 
Rawson Electrical Instrument Co 
Rubicon Company 
Weston Electrical Inst. Corp. 
SPECIAL RECORDING —_—— 
Esterline-Angus Compa 
SPECIFIC GRAVITY APPARATUS 
Gas, 
American Meter Co. 
SPECTROGRAPHS 
Gaertner Scientific Corp 
SPECTROSCOPES 
Akatos, Inc. 
Jausch & Lomb Optical Co 
Gaertner Scientific Corp. 
Spencer Lens Co 








SPECTROPHOTOMETERS 
Akatos, Ir 
Bausch & Lomb Optical ‘ 


Gaertner Scientific ¢ 


SPEED INDICATORS 
See Tachometers 


wat oar RECORDERS 
Esterlit ‘ 


STANDARD Cc ELLS 
Weston Electr t , 
STEEL TAPES 


STOP WATCHES 
American Meter ( 


STRAIN GAUGE 
outhwark Fdry. & Mact 


STRESS INDICATOR 


STROBOSCOPES 
Argco Laboratories, I 


SULPHUR DIOXIDE METERS 


Aiwerican Meter Co 
Char les Enge - , In 
Leeds & N¢ ip Ce 


lagliabue Mf Co., { 


SULPHUR DETERMINATION 


APPARATUS 
Burgess-Parr Co 
lagliabue Mfg. Co., ¢ 

SUNSHINE ee 
pon ing ngelhar 





eds & Nor 
Tayl r Instrumer 


SUPERPRESSURE CATALYST 


EQUIPMENT 
SURGE RECORDERS 


iisterline-Angus 


SYNCHRONIZING FORKS 
Electrical 
General Ra 


Leeds & Northrup C« 


110 Lo 


TACHOSCOPES 


Brown Instrument Co 
TACHOMETERS 


Amthor Testing Instrument Co 


ee i Company 

Bre Instrument ( 
ree Race | pany 
oxboro Uo, 

Jewell Electrical Instrument 
Leeds & Northrup C« 
Pyrometer Instrument Comy 


H. Z, Schniewind 


Herman H, Sticht & Company 
& Mfg. ¢ 


W esting! ouse kiex 
Weston Electrical Inst. Cory 


TELESCOPES 
Bausch & Lomb Optical Cx 
Gaertner Scientific Cory; 


TENSILE TESTERS FOR PAPER 


WIRE, SHEETS, ETC. 


Amthor Testing Instrument C 
H, 


. Schniewind 
TENSIOMETERS 
American Paulin > 


TENSOMETER Kap at 
ithwark Fd & 


ystem, Inc 


TESTERS, Gas 
A meric 


an Meter ( 





r 


TESTING MACHINE 
Universal 


TEXTILE TESTING IN- 
STRUMENTS 


THEODOLITES 
THERMO-JUNCTIONS (Electric 


Gene 


iws I I t lo 
THERMOMETERS 
Gas Filled 


I + 
a M 
| + 
Mechanical 
American Meter 
oxt 
. 4 ] 
agliabue M 
Mercurial 
: e Mfg 
r Instrument 
Resistance 
xn Instrument 
harles Engelhard, Ir 
] & Nort 
YN MA 


TIME re HES 


West X 
TIME —— Automatic 
tr 
TIME Syerems Electric 
tr 
TIMERS 
Let & thr 
awson Elec, I 
tromberg iulectr 
TINTOMETER 





TORSIOG RAPH 
nn & Michels 


TRANSFORMERS 
konding. Ane 
eral Rad 
TRANSITS 
Engineer’s, Surveyors, » Mine, 
Gaertner Scientific Cory 
Pocket 
r Instrument Cc 
TUNING FORKS—Electrically 
Driven 
( i au ( ) 
tner Scient Cory 


a | TUBE MANOMETERS 
nth or Testing Instrument 


Mf, 


VACUUM RECORDERS 
Bristol Company 
xboro ( 
VAC pe TUBE BRIDGES 
ral Radi ompany 
VALVES 
hanamnate Shut Off 
istol Company 
Instru i1ent { 
Charles Engelhard, Inc 
Foxboro Cx 
lagliabue Mfg. Cc 
Balanced 
Kr on | 


Diaphragm 
Brist m 


Reducing 


Regulating 


laylor Instrument ‘ 


Safety, Fuel Shut-off 
Minneay lis-H neyw 





lagliabue Mfg. ‘ 
VENTURI METERS 
Brown Instrument Co 
VIBROGRAPH 
Commercial Engg. L 
eh 1&M 8 
VIGROMETER DAVEY 
(ommer ial ngg L 


VIBROSCOPE 
Commercial Engg. I 


VISCOSIMETERS 
lagliabue Mfg. Co., ¢ 
Taylor Instrument ( 

VISCOSITY TUBES 

VOLTAGE DIVIDERS 


General Kadio Uo 
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vOLT- AMMETERS Recording WATTMETERS 
ne-Angus Company Bristol pany Indicating 
Electr pee Mister ( y vell Elect Inst 
tinghouse Klec. & Mfg. Co fonts & a ( iW Klectrical | t 
eston Electrical Inst. Corp Westinghouse El & Mf Westinghouse Klec. & Mfg. ¢ 
TMETERS Thermionic, Oxide Rectifers Weston Electrical Inst. ( 
VOL General Radic Recordin 
co g 
indicating os METERS stol ( pany 
General Radio Co. oxt sterline-Angus | 
ectrical Instrument Co WAT R & s DIMENT APPA- i 
of gree hag hes E WAVEMETERS 
Rawson Electrical Instrument Co Patil abu S Mtg Co. C.J eneral Ka 
Westinghouse Elec. & Mfg. Co gi Anew METERS WAX MELTING APPARATU 
lly Veston Electrical Inst. Corp Westinghouse E! Mf l'agliabue Mfg. ( Cj 
' Ames Micrometer Gauges 

















for speed and extreme accuracy 
For almost every testing and measuring re 

quirement—Precision Instruments for laboratory 
use Upright Dial Gauges—Thickness Gauges 
Dial Gauge Heads— Pocket Gauges & 
parators Densimeters Lens Me 
Halftonometers Paper Gauges 
Gauges—Automotive Gauges 


om 
asures 


Rut 





yber 


Send for complete 
information oboul them 


B.C.AMES CO., Waltham, Mass. 


Detroit Office, 902 Stephenson Bidg 
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INSTRUMENTS Ju 


INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information be cut « 
mounted on cards, and filed in your desk or in a file box on top of your desk. You will th 


have within easy reach an index of instrument information of incalc ulable value. 








ELMER A. SPERR\ 86 3 INSTRUMENTS, Vol. 3, N ily 193( 
410-411, 1 f 


WILLIAM HENRY BRISTOI 1859-1 INSTRUMENTS, Vol. 3, No. 7, July 


4+ 


4 


| fe S 


BLOCK, INSTRUMENTS, Vol. 3, No. 7, July 1930, pages 415-4 


DR. WALTER 


I ENGIN s HANDBOOK oF INDus aL INs MEN 
M. F. BEHAR, INSTRUMENTS, Vol. 3, No. 7, July 1930, pages 425-462, 40 figs 














Control of Temperature 


(EMA Pressure, Level, Flow, Etc. 


: l Automatic Temperature 
CATALOGUE | 







Control Co., Inc. 


Philadelphia Penna 
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INDUSTRIAL 
INSTRUMENTS 


For a Wide Variety of 
Industrial Application: 























Thermometers and Hydrometers 


Industrial. Scientific 


Engine Indicators 


Torsion Indicators “ 
Prices on Request 


Vibrati Measuring 
ae ogi FR. FLEISCHHAUER & SON 
nstruments R mt ; 

8936-187 Place Hollis, N. Y. 











Physical Testing 
Machines 





Special Devices 





Our English Catalog Furnished 
Without Obligation. E. S. LINCOLN 


Consulting Electrical Engineer 








Write <i 
p Designs Investigations Reports 
Lehmann & Michels Electrical Research Laboratory 
Abt. P. I, Hamburg-Altona, 52 Vanderbilt Avenue 





Germany Room 1014 New York City, N. ¥ 
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For High Temperatures—the 


Tvcos Féry Radiation Pyrometer 





HE ideal instrument for measuring high 

temperatures anywhere from 1000°F to 
3600° and higher is the Tycos Féry Radiation 
Pyrometer. It is used on hundreds of important 
applications, including iron and steel manu- 
facture, copper and zinc smelting, glass, ceramic 
and brick manufacture, and gas plants. 


The Tycos Radiation Pyrometer is optical only 
in the method of focusing. When once focused 
the temperature indication is read directly on 
the scale of the meter. There are no slide wires 
to adjust, no batteries or lamps to renew. As 
it is used away from the heat the instrument will TRITE for 7 Catalog 400 
last indefinitely. W's ne of 


The Tycos Radiation Pyrometer is amazingly 
accurate, giving true values within 1% at the tyy 
middle of the scale and above. It operates by 

focusing the heat rays on a small thermo-couple, 
the e.m.f. being converted to degrees of tem- 
perature cn the high resistance portable indicator 
Comes complete with carrying case, 15 feet of 
cable, and instruction book with correction 
tables for special applications. 


Taylor Instrument Companies 


ROCHESTER, N. Y., U.S.A 


CANADIANPLANT MANUFACTURING DISTRIBUTORS 
TYCOS BUILDING N GREAT BRITAIN 
TORONTO T & MASON LTD., LONDON 
Diet e055 x Fs 
2 SIXTH SENSE OF In DUS TRY 


Tycos Temperature Instruments 


INDICATING -JRECORDING ~ CONTROLLING 











WET GAS PRESS 


Above: Panel Board grouping showing portion of the twenty seven Bristol's Recorders in 
Pennsylvania Oil Refining Plant. 


Bristol’s Recording Instruments 


Arranged for Flush Mounting ..! 


ITH the present trend toward centralize 

trol, instrument panels reveal a_ dé 
tendency to “dress up.’’ The modern boar 
bodies not alone mechanical efficiency and cor 
ience, but also a nicety of arrangement which ir 
the most critical inspection. 


In line with this tendency it is but natural tha 
cerning engineers in hundreds of plants are s; 

ing Bristol’s Flush Type Recording Instrument: 
As shown in the accompanying illustrations, 
instruments present a clean-out, attractive ap} 
ance—conveniently accessible for reading, char 
charts, routine inspection, etc. 


Case construction is dust-proof, fume-proof 
moisture-proof. Single or multiple pens ca 
furnished to suit installation conditions. T! 
inverted penarm arrangement is standard. 


And, of course, all instruments carry the 
Bristol’s guarantee against mechanical defects 


Have Bristol’s Service Engineers explain in g 
detail the increased efficiency and savings atte! 
Gite view of Meteal’s 2 Pen Ru with correct instrument applications. Ther« 


cording Gauge Model 43, which obligation. 
show 8s method of arranging tnstru 
ment for flush mounting. 


The Bristol Company, Waterbury, Conn. 


Boston Philade' phia Akron Chicago St. Louis San Fra 
New York Pittsburgh Detroit Birmingham Denver Los An 








